Um modelo de processo sociotécnico para o design de aplicações de tv digital interativa by Buchdid, Samuel Bastos, 1981-
 
 
          
 
          UNICAMP 
 
 
UNIVERSIDADE ESTADUAL DE CAMPINAS 





















A SOCIOTECHNICAL PROCESS MODEL FOR THE DESIGN OF 










UM MODELO DE PROCESSO SOCIOTÉCNICO PARA O DESIGN DE 



























A SOCIOTECHNICAL PROCESS MODEL FOR THE DESIGN OF 






UM MODELO DE PROCESSO SOCIOTÉCNICO PARA O DESIGN DE 





Doctoral Thesis presented to the Institute of 
Computing of the University of Campinas in 
partial fulfillment of the requirements for the 
degree of Doctor in Computer Science. 
 
 
Tese apresentada ao Instituto de Computação 
da Universidade Estadual de Campinas como 
parte dos requisitos exigidos para a obtenção 












ESTE EXEMPLAR CORRESPONDE À VERSÃO 
FINAL DA TESE DEFENDIDA PELO ALUNO 
SAMUEL BASTOS BUCHDID E ORIENTADA PELA 




















UNIVERSIDADE ESTADUAL DE CAMPINAS 





A SOCIOTECHNICAL PROCESS MODEL FOR THE DESIGN OF 




UM MODELO DE PROCESSO SOCIOTÉCNICO PARA O DESIGN DE 








Examiner Board/Banca Examinadora: 
 Profa. Dra. Maria Cecília Calani Baranauskas (Supervisor/Orientadora) 
IC – Unicamp 
 Profa. Dra. Lara Schibelsky Godoy Piccolo 
Knowledge Media Institute 
 Prof. Dr. Leonardo Cunha de Miranda 
DIMAp - UFRN 
 Prof. Dr. André Santanchè 
IC – Unicamp 
 Profa. Dra. Ariadne Maria Brito Rizzoni Carvalho 















I dedicate this doctoral thesis to my family. 
 
To my daughter, who enriches my life, teaches me more every day and shows 
me the truth meaning of the life. 
 
To my wife, for believing in and sharing my dreams, and for always giving me the 
support to move forward. 
 
To my mother, for being an example of strength, hard work, and determination, 
and for always thinking ahead and lighting people’s way. Without your affection, 
dedication, support and encouragement, this dream would not be possible. 
 
To my father (in memoriam), who is still with us, even though he’s far away. 
 
To my nieces and nephews, who grew up alongside with this work and who 
encouraged me to continue with each smile and leap of joy. 
 
To my brother and sister, for being siblings I can count on, for always being there 
for me, and always being together at all times in our lives. 
 







Special thanks to professor, supervisor, and friend Maria Cecília Calani 
Baranauskas for her trust, advice, dedication and for the opportunity, for showing 
me the way and for providing a turning point in my professional life. Your ethical 
stance, experience, and knowledge have brightened the journey that was this 
doctoral thesis, and you will forever be an example to be followed. 
To Terra da Gente and EPTV team by the partnership and collaboration with this 
doctoral thesis, and for the cordial and constructive workshops performed at EPTV. 
I specially thank my friend Giulio Caio Junqueira Breviglieri that opened the doors 
for this project at EPTV. 
To my friends in the InterHAD group for the various conversations, for the 
meetings, for the support with the experiments, and for the ever-present 
companionship. All of you have made this path both more challenging and more 
enjoyable. I would like to give special thanks to my friend Roberto Pereira for the 
brilliant partnerships and the limitless exchange of ideas, to my friend Vanessa 
Regina Margareth Lima Maike for the daily partnerships and loyalty throughout this 
research, and to my friend Julián Esteban Gutiérrez Posada, who always brought 
joy and was a true friend, even on the most difficult days.  
UNICAMP and the Institute of Computing are responsible for the infrastructure 
and excellence of the doctoral program. 
To the employees of the Institute of Computing: Support, Cleaning, Security, 
Maintenance, Financial and Secretaries. 
My eternal brother-friends Eduardo Paciência Godoy, Gustavo Candido de 
Sousa, Ivan Eduardo Brunetto, Roger Idalgo Catalini, Sandro Luccas Menaldo, 
Sylvio Cassavia Christofoletti, Thiago Juliano Gonçalves, including my cousin 
Mauricio Cardoso Buchdid, my Godparents Armando e Cléia Sartori and the other 
people who supported me, gave advice, checked in with me throughout the process, 
and helped directly and indirectly with this research. 
Many important people have helped in or been part of my life. I ask for 
forgiveness from those not explicitly mentioned here, and remind them that I keep 
them in my memory and my heart. 




Assistir televisão (TV) sempre foi uma atividade social. As pessoas reunidas assistem TV em 
suas salas de estar, restaurantes ou consultórios. Fora de suas casas, elas falam sobre o 
futebol ou sobre o último episódio de novela, ou até mesmo recomendam um programa de TV 
interessante. A TV Digital Interativa (TVDi) e os avanços da Web 2.0 e das Tecnologias de 
Informação e Comunicação abriram uma variedade de possibilidades para a televisão, tais 
como o uso da TV em conjunto com dispositivos móveis, como um portal de acesso a 
informação via Internet ou mesmo para o gerenciamento de redes domésticas. No entanto, 
tanto no Brasil quanto em outros países, a TVDi enfrenta problemas que são inerentes ao seu 
desenvolvimento (e.g., falta de experiência dos usuários para interagir com o conteúdo de 
televisão, passividade do usuário herdada da TV analógica e as limitações do controle remoto). 
Além disso, sofre com a falta de referenciais (e.g., aplicações exemplo, processos, mecanismos 
de avaliação e guias de boas práticas) que auxiliem o processo de desenvolvimento de 
qualquer artefato físico ou de software. Por ser uma mídia sociotécnica, deve atender a 
existência de um amplo conjunto de fatores que abrange desde aspectos motivacionais, 
emocionais e afetivos, de sociabilidade e valores humanos, mas também questões técnicas de 
segurança, escalabilidade e desempenho. Por estar dentro de um ecossistema de mídias, 
também sofre com a concorrência e colaboração de outros dispositivos, que podem ter suas 
potencialidades e restrições exploradas em conjunto com a mídia televisiva. 
Enquanto algumas emissoras precisam produzir conteúdo interativo, desenvolver uma 
aplicação de TVDi não é uma realidade que está presente em sua cadeia de produção. Além 
disso, o desenvolvimento de aplicações para TVDi é diferente de um sistema de software 
tradicional (e.g., Web), e dificilmente pode ser apoiada por uma metodologia de software 
existente. Concomitantemente, desconsiderar aspectos de interação humano-computador pode 
gerar aplicações destinadas ao fracasso, visto o forte apelo interacional que tais aplicações 
devem ter. Esse contexto sugere a necessidade de se criar um processo de design para 
aplicações de TVDi que agregue tanto as necessidades dinâmicas da uma cadeia de produção 
televisiva, quanto os fundamentos de um processo de software, bem como aspectos de 
interação humano-computador. Nesse sentido, essa tese propõe um modelo de processo que 
tem como base teórica a Computação Socialmente Consciente, que se baseia na Semiótica 
Organizacional e Design Participativo. O modelo também emprega referenciais teóricos como 
Padrões de Projeto e Design Persuasivo. Artefatos e métodos foram adaptados ou criados para 
suportar diferentes estágios do processo de design. O modelo foi instanciado e experimentado 
em um cenário real de uma emissora de TV para entender a realidade sociotécnica da 
emissora e projetar uma aplicação de TVDi para esse cenário. Os resultados refletem a 





Watching Television (TV) has always been a social activity. People watch TV together in social 
spaces such as living rooms, restaurants, and offices. Outside their homes, they talk about 
football or the latest soap opera episode, and even recommend TV shows to others. Interactive 
digital TV (iDTV) and advances in both Web 2.0 and information and communication 
technologies have opened up a variety of possibilities for TV, such as TV on mobile devices, 
using the TV as a portal to access information via the Internet, or even for the management of 
home networks. However, both in Brazil and in other countries, iDTV faces problems that are 
inherent to its development (e.g., lack of user experience interacting with television content, 
user passivity inherited from analog TV and remote control limitations). In addition, it suffers 
from a lack of references (e.g., sample applications, processes, evaluation mechanisms, and 
best practice guides) that would otherwise aid the development process of any physical or 
software-based artifacts. To serve as a sociotechnical medium, iDTV developers must consider 
a wide range of factors, such as motivational, emotional, and relational issues, sociability, and 
human values, as well as technical issues involving security, scalability, and performance. 
Because iDTV operates within a media ecosystem, it must also compete and collaborate with 
other devices, which may have their own potential and constraints brought to light when 
combined with TV as a medium. 
While some TV channels need to produce interactive content, developing an iDTV 
application is not a reality in their production chain. In addition, the development of iDTV 
applications is different from that of traditional software systems (e.g., the Web), and it is difficult 
for this development to rely on an existing software methodology. At the same time, 
disregarding for Human-Computer Interaction can generate applications destined for failure, 
given the strong interactional appeal that these applications are required to have. This situation 
reveals the need to create a specific design process for iDTV applications that considers both 
the dynamic needs of a television production chain and the fundamentals of a software process 
while involving aspects of Human-Computer Interaction. This doctoral thesis proposes a 
conceptual model process that is founded on the theories of Socially Aware Computing, a 
design approach supported by Organizational Semiotics and Participatory Design. The model 
also employs theoretical references such as design patterns and persuasive design. Artifacts 
and methods were adapted or created to support different design process stages. The model 
was instantiated and experienced in a real broadcasting company in order to understand the 
company’s sociotechnical reality, and to design an iDTV application for this scenario. Results 
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This doctoral thesis was first proposed in 2011, in a scenario in which Digital TV 
was emerging in Brazil and many other Latin American countries, such as 
Argentina, Peru, Chile, Ecuador, and Uruguay. At that time, according to the 
nonprofit organization known as the Forum for the Brazilian Digital Television 
System, or the SBTVD Forum, research and standardization institutions, private 
companies, and government institutions were in an intense process of establishing 
definitions so that the Brazilian norms could meet economic, social, and 
geographical needs in a country as large as unequal as Brazil (SBTVD Forum, 
2017). The Brazilian Digital Television System (SBTVD) was established by the 
Brazilian Government as per Presidential Decree No. 4.901/2003 in order to, among 
other objectives, democratize information, promote social inclusion, and facilitate 
both cultural diversity and media in the country’s mother language through access 
to digital technology (Brazil, 2003), also one of the five Grand Challenges in 
Computer Science in Brazil, established by the Brazilian Computer Society 
(“Participatory and Universal Access of the Brazilian Citizen to Knowledge”) 
(Baranauskas and Souza, 2006). To achieve these goals, the Brazilian Government 
imposed a plan through Presidential Decree 5.820/2006, which, among other items, 
defines that all TV broadcasting must be digital and can be simultaneous for fixed, 
mobile, and portable receivers within 10 years of the issuance of the decree, or by 
2016 (Brazil, 2006). Since 2007, analogue platforms have been replaced by digital 
technologies. Today, in 2017, analogue TV is being switched off to release the band 
frequency for other technologies (e.g., 4G). The forecast for it being completely 
switched off across the country has been extended to the end of 2018. In order for 




receiver (with interactivity) are being distributed by government social programs 
(SBTVD Forum, 2017). 
There have been substantial investments from various interest groups (mainly 
those representing TV channels and the general population) so that everyone can 
leave the analogue age and enjoy the benefits of the digital age: i) digital 
transmission (best quality audio and video, electronic programming guide (EPG), 
applications, receiver software updates); ii) reception on mobile devices; iii) receiver 
processing capacity; and iv) interactivity channels. These features allowed viewers 
to interact with interactive TV programs (programs involving additional audio, video, 
and software), such as interactive digital TV, or iDTV (Fernandes et al., 2004). 
As a result of the digitization of TV, technological advances, and the convergence 
of information and communication technologies (ICTs), TV can be connected to 
devices inside and outside the home, such as mobile devices, toys, home 
appliances, cars, books, clothes, and furniture (Rice and Alm, 2008), or within 
everyday environments, such as airports, garages, malls, homes and offices (Sellen 
et al., 2009). These advances have opened up a variety of new services for digital 
television (Cesar et al., 2008). For example, some initiatives are considering the use 
of second screens (e.g., smartphones) in new methods of interaction with TVs for 
activities such as viewer feedback, annotations, manipulation of television content, 
and the presentation of extra material (Fonseca and Ferraz, 2012; Sun et al., 2015), 
or as options for parallel interaction (e.g., commenting on blogs and voting on 
websites) that converges with television content and connects groups of viewers 
(Doughty et al., 2012). Other authors have suggested more natural ways of 
interaction through gestures (Bobeth et al., 2012), body gestures (Wu and Wang, 
2012), rings (Miranda et al., 2010), voice (Berglund and Johansson, 2004), touch, or 
taste (Ablart, 2017), and have considered multisensory mechanisms for interacting 
with TV besides the remote control. 
TV digitization has also directly impacted television industry and audience 
practices. For instance, digitization has increased competition for TV channels. 
Digital receivers with a two-way interactive medium (a connection between 
broadcasters and the audience via internet) have resulted in a higher number of 
television channels being broadcast into people’s homes relative to those provided 
by analog TV, as well as the development of new services, such as video on 




(OTT) content on a variety of devices. Meanwhile, audience practices have changed 
since digitization, for instance, many of these changes have given the audience 
autonomy and diversity in their digital TV services (e.g., time-shifted viewing, ad 
skipping, and VoD), thus allowing them to compose their own programming; the 
advances have also allowed users to access TV content on different platforms (e.g., 
mobile phones, laptops or tablets) and from different perspectives which are 
typically more active and interactive than traditional analog TV;  finally, the use of 
systems such as VoD and the consumption of media on newer devices have made 
it easier for the audience to avoid traditional advertising. These methods of 
avoidance are now being employed in addition to traditional avoidance 
mechanisms, such as mechanical avoidance (e.g., muting the channel during 
commercials); cognitive avoidance (e.g., focusing on something else during 
commercials), and physical avoidance (e.g., leaving the room during commercials; 
Jennes and Broeck, 2017). 
This new market and political scenario imposed by the Brazilian terrestrial 
broadcasters, which has directly impacted TV audiences, has encouraged some TV 
channels to produce interactive content that is viable for their production chain and 
which makes sense to their viewers, but without abandoning the traditional 
audiovisual methods of television production. 
1.1  Problem 
Though terrestrial broadcasters now must consider this new scenario when 
producing their TV shows, they are not prepared to develop software applications to 
make interactive programs. Many companies lack the resources to hire services 
from software companies or to incorporate skilled labor (e.g., programmers) into 
their teams; furthermore, many companies lack the incentive to develop technology 
that is still in acceptance by viewers. In addition to iDTV, traditional problems such 
as remote control limitations, user diversity, low availability of processing and 
memory resources, the presence of other viewers in a single physical space have 
not gone away, and TV as a big screen is facing a new industry and an audience 
with different expectations as a result of the growing number of services and 
devices connected to it (Jennes and Broeck, 2017). Though new opportunities have 




complicated routine due to the number of connected devices and the functionalities 
attributed to the TV. Bannon (2011) notes that the changes created by new 
technologies and the connections between them have led to problems that go 
beyond simple man-machine adjustment and ergonomic corrections. 
For Veiga (2006), creating an iDTV application differs from the creation of a 
traditional computer system because there is a distance between the process model 
for television production and the process model for conventional software 
development. New and more specific process models for designing iDTV 
applications must be created. The field of Human-Computer Interaction (HCI) may 
be able to help designers to overcome some of the problems inherent to television 
media that directly impact user experience, such as a lack of motivation, difficulty of 
use, and accessibility (Piccolo et al., 2007; Kunert, 2009). A process that brings 
together knowledge from these three fields, i.e., television content production (TV), 
Software Engineering (SE), and HCI, and that fits the TV channel production chain 
therefore seems to be adequate for an aware design that would consider the 
technical and social factors of the television media. 
This study therefore reveals the need for a systematic and informed process for 
the design and development of iDTV applications from the perspectives of TV, SE, 
and HCI. Such a process should use theoretical and methodological tools that can 
aid in the design of interactive programs. These programs can be used to motivate 
viewers to interact effectively with TV, and during their development, the needs of 
broadcasting companies, the technical constraints of iDTV, the social context (in 
Brazil in particular), and the diversity of the users reached by TV should all be 
considered. 
1.2  Objective 
A software design process is a systematic approach with a sequence of activities 
that leads to the creation of a software product; these activities include specification, 
development, validation, and evolution (Sommerville, 2011). This doctoral thesis 
uses the term in its broadest sense as a sequence of steps composed of guidelines, 
mechanisms, artifacts, and dynamics used for software system design. 
Thus, the general objective of this doctoral thesis is to answer the following 




iDTV applications consider tensions and interests from different areas of knowledge 
(TV, SE, HCI), from different levels of abstraction (informal, formal, and technical) 
and different stakeholders’ perspectives in a systemic way? This process must 
address all stages of the design process (e.g., problem clarification, design solution, 
software development and deployment), and must be feasible (in terms of technical, 
economic, time, and schedule constraints) for broadcasters, adaptable to their 
production chains, and socially responsible. 
The specific objectives from this doctoral thesis include: 
 to clarify the concept of iDTV in Brazil, its applications, and its features, as 
well as to understand challenges and opportunities for research; 
 to consider the situated context to understand the TV program production 
chain process, the dynamics between the diverse areas of a broadcasting 
company and the different perspectives of the parties interested in iDTV 
programs; 
 to identify artifacts, techniques, and concepts to be applied in a design 
process in order to enable design and evaluation of an iDTV application 
guided by social and technical issues; 
 to propose or adapt artifacts, techniques, and concepts to support the 
process model; 
 to design an iDTV application supported by the process model; 
 to identify the viability of instancing the process model in real scenario; 
and 
 to evaluate both the final product and the design process in its different 
stages and results. 
1.3  Methodology 
Some researches address the importance of approaching the TV holistically when 
designing an iDTV application. It is often necessary to think beyond technical 
elements and to incorporate social and cultural issues, thus bringing the viewer into 
the design so that the applications make sense to the viewer diversity (Buchdid and 
Baranauskas, 2013c). The methodology used in this study is supported by the 
Socially Aware Computing (SAC) approach (Baranauskas, 2009), which serves as a 




capacity to encompass three different levels of abstraction (informal, formal, and 
technical), and it takes into account the point of view of the main stakeholders 
involved in the design process. Furthermore, besides the social and technical view 
provided by the SAC approach, we use of concepts and artifacts from persuasive 
design (Fogg, 2009) to explore users’ motivation to interact with iDTV applications. 
Finally, this study also uses a collection of Design Patterns previously defined by 
Kunert (2009) as a way to inform the stakeholders involved of both the potential and 
the constraints of iDTV applications. 
This study was performed in the real context of a Brazilian broadcasting 
company. We worked in partnership with the EPTV TV channel (a Portuguese 
acronym for “Pioneer Broadcasting Television Stations”) and, more specifically, on 
the Terra da Gente TV show (“Our Land” in English). EPTV is an affiliate of Globo 
Television Network founded in 1979 and now reaches 300 cities with more than 10 
million citizens (EPTV, 2017). The Terra da Gente TV show has been on the air 
since June 1997 and explores topics such as sport fishing, floral and faunal diversity 
in the region, local cuisines, and traditional regional music. The TV show currently 
runs once a week with four segments and is approximately 50 minutes in duration. It 
has its own team of editors, producers, designers, technicians, and journalists. The 
Terra da Gente team also produces a magazine and an online news portal with the 
same name (TdG, 2017). 
Since 2007, EPTV has been producing digital programs with high quality video 
and audio. In 2008, EPTV began broadcasting its programming to some regions 
using digital technology, and today, it uses this technology in all areas where the 
show is broadcasted. The first EPTV TV show to receive interactivity is Terra da 
Gente. In this context, the goal of the study established with the EPTV team was to 
collaborate to design and develop an iDTV application for the Terra da Gente TV 
show. Ten representative participants were directly involved in the problem domain, 
and this group included different members of the EPTV’ crew:  
 Chief editor: a person who coordinates the production team (e.g., editors, 
content producers and journalists) of the television program and the web 
portal;  
 Graphic Designer: a responsible for the graphic art of the program and the 





 Operational and technological development manager: a person who 
coordinates the department of new technologies for content production;  
 Supervisor of development and projects: a person who coordinates the 
staff in the identification and implementation of new technologies for 
content production and transmission;  
 Technological and operational development engineer: an engineer of 
infrastructure, as well as of content production and distribution;  
 Technician for technological and operational development: person 
responsible for the implementation, support, and maintenance of 
production systems and content distribution;  
 Intern: an engineering student who is gaining experience at EPTV. 
 Researchers (3 participants): HCI researchers responsible for preparing 
and leading the workshops. One of them was an expert in the SAC 
approach and the other was an expert in iDTV technologies.  
 
The research method consisted of five steps: 
 Step 1 – Exploratory literature review. A literature review on iDTV, 
Socially Aware Computing, Organizational Semiotics, Participatory Design, 
persuasive design, design processes for iDTV and development methods, 
design patterns for iDTV, and related topics. This step included three 
stages: 
o Exploratory research: the identification of gaps and recurring themes 
in HCI and iDTV research; 
o Identification of techniques and artifacts: an analysis of existing 
models, processes, methods, activities, and approaches aimed at the 
design of iDTV applications; and 
o Adaptation of techniques and artifacts: when necessary, 
modifications of the concepts, artifacts, and techniques found in the 
previous step so that they could be properly applied in the context. 
 Step 2 – Semio-participatory workshops within the broadcasting 
company (performed on site): Organization and performance of practical 




an iDTV application in a real scenario. Four workshops were held at the 
EPTV offices: 
o Workshop 1 – Clarifying the design problem. The proposed 
activities were presented to the EPTV team. The presentation relied 
on artifacts from Organizational Semiotics, namely the Stakeholder 
Identification Diagram (Liu, 2001) and the Evaluation Frame 
(Baranauskas et al., 2005) outlined in participatory practices in order 
to understand the current status of the industry and the role of the 
iDTV within this context. As input: the Stakeholder Identification 
Diagram was filled out and the Evaluation Frame was left empty. As 
output: the artifacts were filled in with the participants’ points of view 
on the stakeholders, the problems encountered, and the solutions 
proposed; 
o Workshop 2 – Prospecting solutions. Participatory practices were 
used to identify requirements for an iDTV application based on 
solutions to the problems encountered in the previous workshop. As 
input: the Semiotic Ladder (Liu, 2000) was previously filled in with 
prerequisites identified in Workshop 1. As output: the requirements 
were discussed in the group and were organized into various levels of 
abstraction by the participants. In this workshop, examples of 
interactive programs and the design patterns proposed by Kunert 
(2009) were presented to the participants; 
o Workshop 3 – Generating design ideas. Participatory techniques 
were used to generate content ideas for an iDTV application. 
Techniques included Brainwriting (VanGundy, 1983) and creating a 
layout and menu items as in Braindrawing (Müller et al., 1997). As 
input: knowledge from the previous workshops. As output: Proposals 
for the content and the design of the iDTV application. 
o Workshop 4 – Prototype assessment. A prototype design was 
presented based on the results obtained in the previous workshops. 
Users were asked to interact with the prototype. Participants interacted 
and evaluated the prototype in a participatory manner. As input: 
interactive prototype. As output: problems encountered and 




 Step 3 – Design / Implementation / Integration (performed in 
cooperation with the broadcasting company). This step was dedicated 
to the creation of the final iDTV application (coding and layout) based on 
the prototype generated from the semio-participatory workshops; it also 
included the deployment of the iDTV application to fit into the company’s 
organizational structure. 
o Design: creation of the final iDTV application prototype generated by 
the workshops; this prototype included the layout, screens, buttons, 
effects, and other components. 
o Implementation: creation of the executable code of the iDTV 
application that met the technical constraints of the iDTV platform 
(norms, platform, programming language, etc.) and the design 
constraints (results from workshop). 
o Integration: customization of the iDTV application to meet the needs 
of the TV engineering sectors and the Terra da Gente production 
chain.  
 Step 4 – Evaluations: Formative evaluation of the social and technical 
approach based on the prototype and the iDTV application, feedback from 
both stakeholders involved in the practical activities and prospective end-
users. The evaluation process included:  
o Evaluation with workshop participants (performed on site): the 
group worked together to identify possible problems with interaction, 
layout, and motivation in the iDTV application (Workshop 4). 
Questionnaires were applied to identify the participants’ overall 
impression. 
o Evaluations with prospective end-users (performed with both the 
prototype and the final iDTV application): the prototype and the 
final iDTV application were run on an iDTV platform. Potential end-
users were asked to identify possible issues with interactions, layout, 
motivation, and performance. Questionnaires were applied to identify 
the participants’ impressions and levels of motivation. 
o Evaluation of the design process: The process used to create the 
prototype and final application was also evaluated. The evaluation 




performed in the broadcasting company and the feedback from the 
participants. 
 Step 5 – Defining the process. The process was established based on 
the experience, evaluations, and practical workshops applied herein. 
o Definition of the final process model: the final process model was 
designed and evaluated through this experience with a case study and 
previous evaluations. 
1.4  Thesis Organization 
The chapters of this doctoral thesis are organized around results that were 
produced over the course of this research. This document is composed by a 
collection of six papers, five of which were published as part of international 
conferences and one of which has been submitted for publication in an international 
journal. Figure 1.1 illustrates the organization of this doctoral thesis into its central 
chapters, which address the following: 
 Literature reviews: Chapter 2 summarizes a study on HCI in the context of 
iDTV, while Appendix A describes a study on iDTV. Both were exploratory 
studies to find research gaps and opportunities, which are then detailed in 
the subsequent chapters of this doctoral thesis; 
 Participatory workshops and techniques: Chapter 3 describes the initial  
semio-participatory workshops supported by artifacts from Organizational 
Semiotics, and Chapter 4 reports semio-participatory workshops supported 
by adapted and recreated activities and artifacts; 
 Prototype and process evaluation: Chapter 5 presents evaluations with 
prospective end-users; Chapter 6 shows an evaluation of the organizational 
context in which opportunities and needs came together to aid in the 
establishment of the process; 
 Creation of a process model: Chapter 7 shows how the process was defined 
based on the experiences from the evaluations and the workshops; and 






Figure 1.1. Doctoral Thesis Structure 
The chapters are explained individually in more detail as follows: 
Chapter 2 extends the literature review to identify the relationships between iDTV 
issues within the scope of HCI. The scope of the investigation encompasses two 
major conferences in the field of HCI (ACM CHI and IFIP Interact), as well as the 
largest iDTV conference (EuroITV, currently named ACM TVX), and other iDTV 
publications found in the ACM Digital Library. Paper titles from these events and 
publications were also analyzed, and the discussion is illustrated with the tag clouds 
generated in the analysis. The analysis includes characteristics of iDTV 
publications, how they relate to HCI, similarities and differences between the two 
fields, and gaps in research on iDTV that considers HCI research. 
Chapter 3 outlines design practices within the context of an organization in order 
to understand the organizational culture and address the different forces at work. 
The SAC approach (Baranauskas, 2009) is used to determine the requirements for 




supported by artifacts based on Organizational Semiotics within the context of the 
EPTV broadcasting company.  
Chapter 4 proposes three specific and participatory practices to support 
designers in their creation and evaluation of iDTV applications: i) participatory 
pattern cards; ii) pattern-guided braindrawing; and iii) specific participatory situated 
evaluation. The practices were established to facilitate the participation of 
professionals from the TV industry who are not familiar with iDTV application 
design. The three practices are applied in this EPTV scenario, and the results 
suggest both the practices’ usefulness for supporting design activities and the 
benefits of situated and Participatory Design for iDTV applications. 
Chapter 5 discusses results of an investigation into the motivational aspects of an 
iDTV prototype created based on the SAC approach. This investigation is grounded 
on the persuasive perspective proposed by Fogg (2009), and it considers three 
different types of assessment: empirical evaluations, analytical evaluations, and 
questionnaires. This chapter presents the motivational characteristics that emerged 
from this study of an iDTV application designed using the SAC approach. 
Chapter 6 draws on the knowledge produced through workshops conducted in 
the practical context of EPTV when designing the company’s first iDTV application 
in order to clarify the forces that emerged when the application was put into 
practice. We discuss the main findings revealed from the study of ontology charts 
created from these situated workshops. The ontology charts are graphic 
representations of the ontological relationships between the responsible agents 
(affordances that can take responsibility both for their own and other affordances) 
and affordances (invariant patterns of behavior). The analysis was grounded in the 
Semantic Analysis Method (SAM) and the Norm Analysis Method (NAM). Our goal 
was to explore organizational factors that both impact and are impacted by iDTV 
application designs. Within the scope of this doctoral thesis, the term ‘ontology’  
refers to the Organizational Semiotics meaning for it (Liu, 2000; Stamper et al., 
2000), which is different from the concept often used in computing (as proposed by 
Gruber (1993)). 
Chapter 7 proposes a conceptual model used to instantiate a process model for 
iDTV (Pro-iDTV): a social and technical process model for designing iDTV 
applications that brings together HCI, software engineering, and TV production. This 




govern the organization in order to develop a technology that is tailored to fit the 
company’s needs. Results of this study suggest the viability of Pro-iDTV and the 
benefits of a situated and participatory process model for supporting the design of 
iDTV applications in practical settings. 
Chapter 8 presents the conclusions of this research in order to provide answers 
to the initial questions and discuss gaps in the field that may be relevant for future 
studies. 
Complementary material (Appendix A, Appendix B, Appendix C, Appendix D and 
Appendix E) has been included to readers who wish to have access to additional 
discussions, examples and information. 
Appendix A investigates previous studies from the field of iDTV in order to identify 
which emerging issues have been recognized. The analysis is based on the content 
of the European Interactive TV Conference (EuroITV) and other publications on 
iDTV found in the ACM Digital Library (ACM DL). The discussion is based on the 
creation and analysis of tag clouds generated from paper titles and abstracts. The 
study sought to map out the main methods, devices, interactive features, and other 
factors related to the field of iDTV. The chapter also provides information on 
conferences, journals, affiliations, and countries where these papers were 
published. The main focuses of research on iDTV, the similarities and differences 
between EuroITV and ACM DL sources, and issues regarding user experience are 
also presented. 
Appendix B presents a discussion on the challenges that arise during the design 
of iDTV technology in a specific context. To determine and understand which 
challenges were external to the company studied herein, documents and news 
available from the Brazilian Digital TV Forum (SBTVD Forum, 2017) were 
considered, since this entity brings together the main stakeholders involved in 
Digital TV in Brazil. 
Appendix C details the iTG application, its features and tools, the technologies 
used in its development, aspects of its implementation, and its operation within the 
TV channels. 
Appendix D is the free and informed consent form (in Portuguese) used in the 
experiments. This study was approved by the local research ethics committee 
(reference number 37341414.4.0000.5404). 









IS THERE HCI IN IDTV? 






Interactive Digital TV (iDTV) is an emerging technology that faces problems that are 
inherent to it; for example the lack of users’ experience interacting with television 
content. The knowledge constructed from the Human-Computer Interaction (HCI) 
field could be an ally for dealing with interaction design for the iDTV context. This 
work sought to map out the main issues that have been addressed in the iDTV and 
HCI fields in recent years, aiming at finding ways of bringing HCI to typical iDTV 
interaction issues. A data collection and analysis of tag clouds created from titles 
found in the full programs of two major conferences in the field of HCI (ACM CHI 
and IFIP Interact), and the major conference in the field of iDTV (EuroITV), 
complemented with other ACM-DL iDTV publications revealed the individual 
characteristics of HCI and iDTV publications, as well as their similarities and 
differences. Thus, this study offers a view of iDTV relative to the HCI field as 
revealed by the publications words. 
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2.1  Introduction 
Technology is increasingly being used in the public and private spheres as 
computers and hyperconnectivity are being incorporated into objects (e.g., toys, 
appliances, cars, books, clothes and furniture) and also into everyday environments 
(e.g., airports, garages, malls, houses and offices) (Bødker, 2006). This 
phenomenon redefines our relationship with technology, brings people together as 
citizens and members of global communities, and changes the way we live, by 
continually increasing the digital presence in our daily lives (Sellen et al., 2009). 
Bannon (2011) argues that sophisticated and complex technologies have problems 
that go beyond simple human-machine adjustment and ergonomic corrections. 
Instead of increasing our ability to choose, the new devices are confusing and 
sometimes disabling us. Thus, when designing some interactive artifact, it is 
necessary to rethink the place of technology in our values frame, how we live with 
and through technology, and give priority to human beings, their values, their 
activities, tools and environments.  
To meet this demand, some authors discuss the possibility of reimagining HCI as 
a new way to think about the human-technology relationship. Bødker (2006) has 
drawn attention to a new wave in the HCI field, Harrison et al. (2007) suggest the 
creation of a third paradigm, and Bannon (2011) suggests a possible replacement 
for the term “HCI”, which would be “human-centered computing” or “human-
centered design”. These new perspectives address new subjects (e.g., ethnography 
and arts) and multiple theories (e.g., user-centered design), which should be 
incorporated into the traditional HCI field, in light of their understanding, culture, 
values, concerns, beliefs and activities. 
Developing applications for an emerging medium such as the iDTV is challenged 
by the lack of references to processes for clarifying solutions, evaluating 
mechanisms, and specific guides for the technology design (Kunert, 2009). In 
addition, it presents issues inherent to this technology: some problems are relative 
to the interaction limited by the remote control, the viewer's lack of experience 
interacting with television content, the physical distance between the user and the 
television, the usual presence of other viewers in the same physical space, etc. 




anything new, and disappointed most viewers who were invited by the government, 
broadcasters, commerce and industry to use it (Broeck and Bauwens, 2009). 
Within the iDTV field, the HCI corpus of knowledge can be useful to shed light on 
problems that are inherent to it, including its usability and accessibility (Kunert, 
2009). Considerations about daily, emotional, and contextual issues have been 
necessary for HCI professionals in their development of a design thinking that is 
suitable for contemporary devices and uses, and also for an increasingly diversified 
audience (Bødker, 2006). Some lines of research, among which are those published 
by Cesar et al. (2008); Rice and Alm (2008), also show the importance of bringing 
the end-user and his/her viewpoint into the discussions of the project in order to 
incorporate system features that go beyond technical issues, to identify conflicts, to 
understand the impact, and shape the system to satisfy the audience.  
In this sense, this study sought to identify the relationship between the iDTV 
issues in the scope of the HCI field, complementing preliminary studies conducted 
to identify gaps in HCI (Buchdid and Baranauskas, 2013b) and iDTV fields (Buchdid 
and Baranauskas, 2013c), separately. Thus, this paper proposes an analysis of 
publications of the two major conferences in the HCI field ((ACM CHI, 2014) and 
(IFIP INTERACT, 2014)), the major conference of iDTV (EuroITV, 2013) and other 
iDTV publications found in the ACM Digital Library (ACM-DL, 2014), based on the 
works titles. The discussion is illustrated with the creation and analysis of tag clouds 
generated from the available titles of papers. As a contribution, this paper reveals 
characteristics of iDTV publications, how they relate to the HCI conferences, 
similarities and differences between the two fields, and gaps for further research in 
iDTV relative to the HCI field.  
The paper is organized as follows: the second section briefly presents the 
analyzed conferences from the fields of HCI and iDTV, and the ACM-DL repository; 
we also introduce related concepts and rationale for the use of tag clouds as data 
representation. The third section describes the method for data extraction that was 
used to create tag clouds and to conduct the analysis.  The fourth section presents 
and discusses the findings. The last section presents the final considerations about 




2.2  Study Context 
The analysis in this work considered two major conferences with tradition in the HCI 
field: i) The Conference on Human-Computer Interaction (IFIP Interact), which is 
promoted by the International Federation for Information Processing (IFIP) and its 
Technical Committee on Human-Computer Interaction (TC13). The first Interact was 
held in 1984 in the city of London in the UK, and since then has taken place in 
countries on several continents. From 1995 on, it was held every two years (IFIP 
INTERACT, 2014). This study analyzes the editions held in South Africa, Portugal 
and Sweden, in the years of 2013, 2011 and 2009, respectively; and ii) The 
Conference on Human Factors in Computing Systems (ACM CHI), since 
created in 1982, it has been held annually, more frequently in certain countries, 
including the United States and Canada. Sporadically, the conferences are held in 
other countries, including Italy (2008) and Holland (1993). The CHI is promoted by 
the Association for Computer Machinery (ACM) (ACM CHI, 2014).  In this paper, the 
five editions of the CHI conferences held between 2009 and 2013 were chosen for 
analysis. For the sake of simplicity, in this paper, the ACM CHI and IFIP Interact 
conferences are called just “CHI” and “Interact”, respectively. 
The proposed roadmap in the field of iDTV and related issues was drawn with 
data from two sources: i) The European Interactive TV Conference (EuroITV), 
which began in 2003 in the city of Brighton in the UK, where it took place for another 
year.  Since then, it has been held in many countries in Europe. It is the main 
conference held on the field of iDTV, and it held annually in countries such as 
Austria (2008), the Netherlands (2007), Greece (2006) and Denmark (2005). This 
study analyzes the conferences held in Belgium, Finland, Portugal, Germany, and 
Italy between 2009 and 2013, respectively (EuroITV, 2013); and ii) The ACM Digital 
Library (ACM-DL), which is a comprehensive collection of full-text articles and 
bibliographic records that cover the fields of computing and information technology. 
The full-text database, with more than 2 million items, includes the complete 
collection of ACM publications and index for publications of others ACM’s affiliated 
organizations (e.g., ALGOL Bulletin, Evolutionary Computation, Journal of Usability 
Studies, Personal and Ubiquitous Computing and The International Journal on Very 




newsletters, and multimedia titles (ACM-DL, 2014). In this study, ACM-DL iDTV 
publications were used as additional references.  
2.2.1 Tag Cloud Representations and Tools  
A tag cloud is a visual representation of a set of words, which are typically tag words 
(labels).  Each word is highlighted within the cloud according to its frequency within 
the word set, and it is enhanced through the manipulation of visual features, such as 
font size, color, weight, etc. This term gained notoriety when it was used on social 
software websites (e.g., “Flickr®”). For Rivadeneira et al. (2007), this format is 
useful for quickly revealing the most prominent terms and relative importance of a 
specific word within the analyzed set. Also, it provides a general impression of all 
words and the “essence” of the represented data set. For instance, on social media 
websites, tag clouds can provide an impression of the person's interests or/and 
expertise. In addition to first impression formation, Rivadeneira et al. (2007) suggest 
three different tasks that can be supported by tag clouds: i) Searches: to locate a 
specific term in a set; ii) Browsing: as a means to browse, where one can access 
details if interested; and iii) Recognition/Matching: to recognize information 
through visual characteristics linked to each tag cloud generated, which creates a 
visual identity. 
In some specific cases, the tag clouds are less accurate and less efficient if 
compared to other visualization forms such as tables (e.g., to determine the 
presence or absence of a specific word (Oosterman and Cockburn, 2010)) or 
wordlists (e.g., to identify relationships among concepts (Kuo et al., 2007)). 
However, they are advantageous when capturing the essence, and they present a 
succinctly large amount of descriptive information, which improves user satisfaction 
(Kuo et al., 2007). This success scenario and the need for a summarized 
presentation of a large amount of data (first impression formation or Gisting) are 
some of the reasons we chose tag clouds as one of the resources in the analysis 
conducted in this study.   
The tool used in this study was Wordle®. The occurrence of each word in the 
source text is grouped together and the most recurring words stand out more. The 
word size proportionally reflects the number of times it appears in the input text. The 
tool does not group (“stem”) words. “Stemming” means understanding different 




combined into a single representation of the word). One way to prevent similar 
words from appearing separately is to apply the Porter Stemming Algorithm (Porter, 
1980) to the source text, which groups similar words by recurrence, in order to 
organize the words in wordlist by the weight (frequency), as defined in Wordle®’s 
advanced options to create tag clouds.   
2.3  The Study Method 
Considering the fact that the title of a text must reflect its content and “indicates the 
general subject” (Merriam-Webster, 2013) we based the analysis on information 
from the paper titles. This method involved word quantification from data collection 
and then the tag clouds generation and comparison of word sets. The method of 
this study involved 3 phases and 9 steps, as shown in Figure 2.1. 
 
Figure 2.1. Steps in the Method. 
In the “Data Refinement” phase, the goal was to gather information from the data 
available in the ACM-DL (item “A” in Figure 2.1) and in the conferences websites 
(item “B” in Figure 2.1). To start, the titles were extracted (part manually and part 
automatically) from the full programs of CHI, Interact, and EuroITV conferences 
between 2009 and 2013 (item “2” in Figure 2.1). As each conference has a different 
structure of its sections, we sought articles that were in similar sections. Thus, we 
gathered: i) from CHI: Papers and Works In Progress; ii) from Interact: Full, Short 
and Industrial papers, Posters and Demos; and iii) from EuroITV: Full, Short and 
Industrial papers, Posters and Demos. As additional reference to the iDTV, the 
ACM-DL data source was used to get other iDTV publications. We refined the 
search with the “Interactive” and “Digital TV” keywords, considering the period 
between 2009 and 2013 (item “1” in Figure 2.1). The search was expanded to “The 




of bibliographic citations). For all publications, an extra refinement was also 
necessary to remove duplications and irrelevant items (e.g., proceedings names, 
authors’ names, presentation times, affiliations). As a result of “Data Refinement”, 
text files containing the titles were organized by conference/year.  
In the “Tag Cloud Analysis” phase, we generated tag clouds from the refined 
data. The Porter Stemming Algorithm (Porter, 1980) was applied to extract the 
frequency of words (item “3” in Figure 2.1). Different images were created with 
Wordle® from the data set and compared (item “4” in Figure 2.1). The advanced 
features were used in order to generate the tag clouds. It also was possible to 
extract a list of the top 100 most recurring words in each tag cloud (item “5” in 
Figure 2.1). In this paper, we illustrate tag clouds from the data of all years between 
2009 and 2013 representing: i) the HCI scenario (made from titles of CHI and 
Interact); and ii) the iDTV scenario (made from titles of EuroITV and ACM-DL iDTV 
publications). 
In the “Comparison of Word Sets” phase, the relationships among the lists of the 
top 100 most recurring words of each scenario (iDTV and HCI) were analyzed (item 
“6” in Figure 2.1). For this, the words were automatically classified into 3 groups: 
one with common words that appear in the two tag clouds, and two groups with 
words that appear exclusively in each tag cloud. To refine the analysis (items “7” 
and “8” in Figure 2.1), the words were allocated into four sets of words addressing 
HCI sub-areas (“Interaction”, “Human” and also “Computer”, which was divided into 
“Methods” and “Artifacts”).  Table 2.1 describes the criteria used to classify the 
words into the sub-areas, inspired by literature (Bannon, 2011; Bødker, 2006; Cesar 
et al., 2008; Harrison et al., 2007; Rice and Alm, 2008; Sellen et al., 2009); this 
classification suggests trends in the iDTV and HCI field. 
Table 2.1. HCI sub-areas 
Sub-area Criteria 
Interaction 
User interface and features, types of interaction, experiences, and other 
user-computer relationships. 
Human 
Users, activities and behaviors, cultural, social, and work-related issues 
that directly or indirectly involve users. 
Methods Methods and other formal issues related to technology. 
Artifacts Devices, documents, software applications, studies. 
 
The analysis of the tag clouds and sub-sets of words are the basis of the 




2.4  Synthesis of Results and Discussion  
During the “Data Refinement” stage it was possible to count the number of 
publications (left number from the bar in Table 2.2), as well as the total number of 
words contained in all titles for each group of papers (right number from the bar). 
The cells marked with “---” indicate that there was no conference in the year 
indicated (e.g., Interact 2010 and 2012). Altogether, more than 3700 paper titles and 
37,000 words were gathered between 2009 and 2013. Most of them are from the 
CHI.  
Table 2.2. Number of titles per set  
 2009 2010 2011 2012 2013 Total 
CHI 396/3723 320/3202 510/4885 486/4772 631/6280 2343/22862 
Interact 188/1829 — 236/2475 — 240/2505 664/6809 
EuroITV 69/656 86/879 65/579 67/653 47/454 334/3221 
ACM-DL 123/1261 80/837 75/807 69/715 54/537 401/4157 
Total 776/7469 486/4918 886/8746 622/6140 972/9776 3742/37049 
 
The tag clouds shown in Figure 2.2 and Figure 2.3, were generated from words 
represented in the last column of Table 2.2. 
 
Figure 2.2. HCI Tag cloud.  
 





Figure 2.2 was created from title words from the HCI data, and it includes more 
than 29,000 words. The tag cloud shows that: i) “Design” and “Interaction” are the 
most frequent words; ii) “User” and “Mobile” appear at the second salient level; iii) 
“Social” appears at the third salient level, followed by “Support”, “Evaluation”, 
“Interface”, “Study”, “Visual” and “System”; iv) “Experience”, “Games”, “Information” 
and “Exploring” appear at the fourth salient level, followed by “Devices”, 
“Communication”, “Displays”, “Effects”, “Web” and “Collaborative”; and v) “Usability”, 
“Gesture”, “Online”, and “Technology” appear at the fifth salient level.  
Figure 2.3 shows the tag cloud created from tittle words of EuroITV and ACM-DL. 
Altogether, more than 7,300 words were used to create the image. The tag cloud 
shows that: i) “TV”, “Interactive” and “Digital” are the most frequent words. In this 
case, the words gained prominence because EuroITV is focused on iDTV, and 
keywords used in the search from ACM-DL were “Interactive” and “Digital TV”; ii) 
“Television”, “User” and “Video” appear at the second salient level, followed by 
“Applications” and “System”; iii) “Services”, “Content” and “Personalized” are the 
third most frequent words, followed by “Mobile”, “Based”, “Media”, “Social”, and 
“Design”; and iv) “Experience”, “Approach”, “Recommendation” and “Web” appear 
at the fourth salient level, followed by “Networks” and “Study”. 
Table 2.3 highlights a comparative analysis between HCI (Figure 2.2) and iDTV 
(Figure 2.3) tag clouds, in order to find whether the most frequent HCI words are 
been discussed in iDTV publications, and the inverse.  
In summary,  suggests that the iDTV publications seem to put more emphasis on 
technical elements as medium (e.g., “Video”, “Media” and “Digital”) and system 
references (e.g., “Applications” and “System”). The HCI tag cloud seems to be more 
focused on processes (e.g., “Design”), type of devices (e.g., “Mobile”), evaluation as 
process (e.g., “Evaluation”), category of usage (e.g., “Social”) and attributes of the 
user interface (e.g., “Usability”) issues.  
As a result of the “Comparison of Word Sets”, it shows the relationships from lists 
of the 100 most frequent words from both HCI and iDTV groups. As a result of 
match the words between the two groups (item “6” in Figure 2.1), there are 
coincidentally 50% of words in common in both HCI and iDTV tag clouds, and 50% 














 “Interaction", which is the most frequent word in HCI, appears in the first groups 
of words more frequently as “Interactive” in the iDTV tag cloud. 
 “User”, which appears at the second salient level in the HCI tag cloud, is also 
among the second most frequent words in the iDTV tag cloud. 










 “Design” appears in the two tag clouds. In the HCI set, it appears in the first group 
of more frequent words. In the iDTV tag cloud, the word appears with less 
emphasis.  
 “Mobile” appears in the HCI tag cloud more frequently than in the iDTV tag cloud.  
 “Evaluation” and “Interface”, which are at the third salient level in the HCI tag 
cloud, they appear with low emphasis in the iDTV tag cloud. 
  “Social” appears with relative emphasis in the two tag clouds, but it appears 
more frequently in the HCI tag cloud than in the iDTV tag cloud.  
 “Study” appears with less emphasis in iDTV publications. The same thing 
happens with the word “Information”. 
 “Visual” are in the group of the most frequent words in the HCI tag cloud, but the 
word does not appear in the iDTV tag cloud. 
 “TV” and “Television” are in the group of the most frequent words in the iDTV tag 
cloud. The words do not appear in the HCI tag cloud.  
 “Digital” and “System” appear with more emphasis in the iDTV tag cloud than in 
HCI tag cloud. The same thing happens with the word “Application” which 
appears at the second salient level in the iDTV tag cloud. 
 “Video” appears more frequently in iDTV publications than in the HCI tag cloud. 
Similar results were found in the case of the word “Media”, but with less 
emphasis. 
 “Personalized” and “Recommendation” appear in the groups of third and fourth 
most frequent words in iDTV tag cloud, respectably, but it does not appear in HCI 
tag cloud. Words that refer to similar concepts, such as “Adaptive” appear with 
lowest emphasis in both the HCI and iDTV tag cloud. 
 “Content”, which appears in the groups of third most common words in iDTV tag 
cloud, does not appear as emphatically in the HCI tag cloud. 
 
Table 2.4, Table 2.5 and Table 2.6 present the 3 subsets of HCI and IDTV 
common and specific words classified in the HCI sub-areas (Table 2.1) – see item 
“8” in Figure 2.1. The tables’ last row shows the unclassified words, which were 
disregarded in the total number of words when the percentage was calculated. 
These disregarded words were usually adjectives, and some verbs, or function 
words that did not fit into the classification. 
In summary: i) Table 2.4 shows that most of the common words between iDTV 
and HCI sets are associated with “Artifacts” (over 34%) and “Methods” (over 30%). 
This suggests that word sets in common largely involve the area of technology; ii) 




and “Interaction” (over 31%) columns; and iii) Table 2.6 (words appearing 
exclusively in iDTV publications) shows words were distributed mainly in “Artifacts” 
(with 35%) and “Methods” (over 32%) classes, which also suggest its focus on the 
area of technology.  
Table 2.4. Word classification from words in common in both HCI and iDTV tag clouds 
Words in Common (iDTV and HCI)  Total = 50 words 
Human Interaction Artifacts Methods 
user, social, behav-
ior, people, envi-









mobile, video, web, de-
vices, media, control, 
online, digital, tool, 
network, system, tech-
nology, text 
design, approach, study, 
analysis, model, practices, 
management, case, meth-
od, evaluation, learning, 
development, research   
16.3% (7 words) 18.6% (8 words) 34.9% (15 words) 30.2% (13 words) 
7 unclassified words: support, towards, performance, enhancing, dynamic, based and con-
tent 
Table 2.5. Word classification from exclusive HCI words 
Exclusive HCI words Total = 50 words 
Human Interaction Artifacts Methods 
understanding, children, 
perception, human, per-
sonal, public, privacy, 
work, group, affect, cogni-
tive, emotional, engage-
ment, activity, space 
interaction, visual, ef-
fects, usability, accessi-
bility, search, touch, 
sharing, feedback, multi-
touch, pointing, tangi-
ble, comparing, tactile 
displays, computer, 
phone,  input, tab-
letop, surface, virtu-





34.1% (15 words) 31.8% (14 words) 25.0% (11 words) 9.1% (4 words) 
6 unclassified words: improving, data, large, hci, augmented and influence 
Table 2.6. Word classification from exclusive iDTV words 
Exclusive iDTV words Total = 50 words 




ly, production, context, 
audience 
interactive, per-
sonalized, viewing  
tv, television, iptv, itv, 
multimedia, screen, 






tion, guide, processing, 
annotation, ncl, semantic, 
streaming, standard, cod-
ing, authoring 
25.0% (10 words) 7.5% (3 words) 35.0% (14 words) 32.5% (13 words) 
10 unclassified words: services, convergence, generation, concept, access, documents, struc-
ture, multiple, news and presentation  
2.4.1 Discussion 
The findings of “Tag Cloud Analysis” show that important issues in the HCI field that 
should have being taken into account in any interactive device are not being 




which are so important to any interactive device, are hardly visible in the iDTV tag 
cloud. “Usability” issues should also have being considered in applications and 
devices of iDTV. Nevertheless, some important interaction solutions regarding 
audience diversity (e.g., “Personalized”, “Recommendation” and “Social”) emerge in 
a relevant way in the iDTV tag cloud. Considering the wide reach of television and 
the population diversity (e.g., cognitive, social, cultural and economic issues), 
ignoring the design issues means imposing barriers to access and to the culture of 
interactivity on TV. 
Another point to consider is that, on the other hand, by searching for words 
genuinely related to TV in the HCI tag clouds, we note that they are not being 
addressed in the HCI field. The main examples are the words “TV” or “Television”, 
which are not commonly seen in HCI conferences. Even new types of interaction 
that could be applied to TV (e.g., “Gestures”) appear with low frequency. The lack of 
research in the HCI issues within iDTV can be related to the demotivated audience 
and difficult interaction for the viewers. Only “Mobile” devices, which can be 
collaboratively used with the TV, appear in both HCI and iDTV tag clouds. 
Words direct or indirectly quoted by HCI and iDTV studies (e.g., (Bannon, 2011), 
(Bødker, 2006), (Cesar et al., 2008), (Harrison et al., 2007), (Rice and Alm, 2008) 
and (Sellen et al., 2009)), and that refer to emergent devices and their use (e.g., 
emotion, motivation, cultural, affective, etc.), so important to iDTV, appear modestly 
or do not appear in any tag cloud. For instance, “Emotional” and “Affect” words 
appear at the lowest salient level of the HCI tag cloud.  Words as “Cultural” and 
“Motivation” did not appear in the tag clouds. Considering the complex social 
context in which people live and the TV is inserted, these words would be essential 
in contextual studies to understand the place of TV in an individual and social 
context, in order to propose devices, services and applications that make sense for 
people. 
The results of “Comparison of Word Sets” analysis suggest that, despite the fact 
that the HCI conferences and iDTV publications converge in 50% of the most 
recurrent words, most of the words were predominantly related to technological 
issues, a result which is represented by the “Artifacts” column (e.g., “Applications”, 
“Mobile”, “Web” and “Devices”) and the “Methods” column (e.g., “Design”, 
“Approach”, “Study” and “Evaluation”). If we compare the iDTV and HCI data, the 




HCI emphasized “Human” (e.g., “Children”, “Personal” and “Cognitive”) and 
“Interaction” (e.g., “Accessibility”, “Touch” and “Tactile”). In this sense, it seems that 
more studies that consider the TV within a digital and social ecosystem, recognizing 
and addressing technical and social issues as well are needed. 
In summary, the findings suggest that, despite some common interests, there is 
still a gap between the HCI conferences and the iDTV field. Discussions about 
technological issues and new artifacts, which support the interaction between users 
and the television, may be important for the iDTV field, which itself has striking 
technical restrictions over interaction. But working on human and interaction issues 
can be a way for making television as an active medium of interaction, which might 
also help users to overcome barriers of digital inclusion. 
2.5  Conclusion 
The new devices incorporated into the modern world are changing the way we 
interact and communicate. iDTV can be considered an emerging technology that 
has not yet been explored to its full potential. The HCI field has accumulated 
knowledge regarding the design of interactive devices. Getting an overview of the 
main issues that have been addressed in recent years in the field is a way to identify 
both unresolved issues and new opportunities. This paper shed light on the main 
focuses of research addressed in iDTV publications compared to HCI conferences; 
tag clouds created from words of contribution titles, are discussed as a way to 
illustrate the main differences and similarities between the research focuses.  
Among the highlights, the results obtained from the analyses also indicate that 
the use of tag clouds provided a quick and effective overview of the data that was 
considered. For instance, although the conferences have approximately 50% of 
their most frequent words in common, there is a marked visual difference between 
the tag clouds generated for each data set.  
Words from the HCI data set that are important for iDTV, are still rarely discussed 
in iDTV publications. The opposite also occurs: words that are important for user 
interaction with the TV are also rarely discussed at HCI conferences. The clearest 
example of this is that “TV” does not appear at all in the HCI data. These results 




perhaps, topics) involving the “human” and the “interaction” classes discussed 
herein are not yet as frequently addressed as the “computer”-related topics.  
Finally, attention to aspects such as e.g., emotion, motivation, cultural, affection, 
values, etc.,  pointed out by both iDTV (Cesar et al., 2008; Rice and Alm, 2008) and 
HCI (Bannon, 2011; Bødker, 2006; Harrison et al., 2007; Sellen et al., 2009) 
authors, are still absent. In a further study, we intend to explore these gaps in the 
“H” and the “I” aspects of iDTV concepts in order to bring subjects such as social 
context, user motivation and affective aspects into the design of situated iDTV 










Creating an iDTV Application from Inside a TV 
Company 






TV is a highly social and massive media that is worldwide available. The Interactive 
Digital TV represents a new device that is still constructing its identity. Designing 
applications for it is a challenging task, partially because of its intrinsic complex 
context and the lack of theoretical and methodological referential to support design 
activities. In this paper, we argue for a Socially Aware Computing approach to the 
design of iDTV applications, articulating artifacts and methods from Organizational 
Semiotics and Participatory Design.  A case study on requirements for the design of 
an iDTV application is situated in the practical context of a Brazilian broadcasting 
TV Channel Company. The results show benefits of using informed artifacts and 
methods in participatory and situated practices, indicating that it is possible and 
viable to make socially aware design in industrial settings. 
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3.1  Introduction 
TV is recognized as a highly social technology. TV sets are displayed in living 
rooms, offices, restaurants and other private and public spaces. Outside their 
homes, people talk about football, novel/series episode, and even recommend 
interesting TV shows. More than high quality video and audio – including digital 
transmission, receiver processing capability and interactivity channel – the 
Interactive Digital TV (iDTV) is a medium that makes it possible the dissemination of 
interactive applications. With advances in Web 2.0 and Information and 
Communication Technologies, the iDTV is embedded and linked to other media that 
opens up a variety of possibilities for TV, such as its use in conjunction with mobile 
devices to complement the TV content, or even as a gateway to information via the 
Internet (Cesar et al., 2008).  
Considering the complex social context in which people live and the TV is 
inserted, Buchdid and Baranauskas (2013c) highlight the need for studies that 
consider the TV within a digital and social ecosystem, recognizing and addressing 
technical and social issues in order to design solutions that make sense to people. 
In the same way, Cesar et al. (2008) highlight that research on social iDTV, which 
incorporates features of viewers and contextual information, has been scarce. In 
fact, several research works have suggested the importance of comprehensive and 
contextual studies to propose devices, services and applications that make sense 
for the diversified population reached by iDTV (e.g., (Buchdid and Baranauskas, 
2013a), (Cesar et al., 2008), (Piccolo et al., 2007)). 
For TV broadcaster companies, while there is a demand for producing interactive 
content, the development of an application is a new element for their supply chain. 
Developing applications for iDTV is different from developing traditional software 
systems (e.g., Web); thus it can hardly be supported by an existing software 
development methodology (Veiga, 2006). Furthermore, as it is common for an 
emerging technology, the iDTV suffers with lack of references (e.g., sample 
applications, processes, mechanisms for evaluation, good practices guides) to 
assist any development processes (Kunert, 2009).  
In this sense, there is a demand for a design process suitable to the needs of the 
complex and dynamic context of a TV Company, while meets the needs of diverse 




conducting design practices inside the context of an organization in order to 
understand the organizational culture and deal with the different forces that exist in 
its complex context. For this, in this paper, we draw on the Socially Aware 
Computing (Baranauskas, 2009) to clarify requirements for an iDTV application, with 
Participatory Practices supported by Organizational Semiotics artefacts in situated 
contexts. A case study in the context of EPTV (EPTV, 2017), a Brazilian 
broadcasting company, presents the design of an application for the “Terra da 
Gente” (TdG) (“Our Land”, in English) TV show (TdG, 2017), and shows the results 
of our practices in an industrial setting. 
The paper is organized as follows: Section 3.2 introduces the background of our 
work; Section 3.3 presents the case study in which the practices were conducted 
and Section 3.4 presents and discusses the main findings from the case study 
analysis. Finally, Section 3.5 presents our final considerations and directions for 
future research.  
3.2  Theoretical and Methodological Foundation 
The Socially Aware Computing (SAC) (Baranauskas, 2009) is an approach to the 
design of information systems that extends and articulates ideas from 
Organizational Semiotics (OS) (Liu, 2000; Stamper et al., 2000) and Participatory 
Design (PD) (Müller et al., 1997) to make design socially responsible, participatory 
and universal as a process and a product. The SAC supports the understanding of 
the organization, the solution to be designed, and the context in which the solution 
will be inserted, so that it can potentially meet the sociotechnical needs of a 
particular group or organization.  
The SAC has been used to support design in scenarios of high diversity of users 
(regarding skills, age, gender, special needs, literacy, intentions) (Pereira, 2013). 
Specifically for the iDTV context, SAC has been used to support the consideration 
of stakeholders’ values and culture during the design process (Pereira et al., 2012), 
for proposing recommendations to iDTV applications (Piccolo et al., 2007) as well 
for designing physical interaction devices for TV (Miranda et al., 2010). 
The SAC draws on the Semiotic Onion (Stamper et al., 2000) to represent the 
idea that a design process needs to be conducted through its three nested levels: 




behavior, beliefs, values, habits, culture, etc., that drive people’s behavior. The 
formal level involves rules and procedures are created to explain mechanistic and 
repetitive tasks. The technical system is only part of the formal level of an 
organization, which can be automated.  
Therefore, a design process should be understood as a wave that begins from 
outside to inside the Semiotic Onion, crossing the informal and formal layers to 
result in a technical system – see “SAC” detail in Figure 3.1. This wave brings to the 
technical system relevant aspects of the informal and formal layers. Therefore, 
returning back to the social world, the technical system will impact on formal and 
informal layers alike, including the target-users, the environment in which it is/will be 
inserted, potentially promoting acceptance/adoption (Baranauskas, 2009). 
 
Figure 3.1. Proposed design process from SAC’s meta-model for design. 
In SAC, design activities are conducted in Semio-participatory Workshops (SpW) 
(Baranauskas, 2013) with individuals in their different roles (e.g., designer, 
developer, user, other stakeholders) – the ones who may direct or indirectly 
influence or be influenced by the problem being discussed and the solution to be 
designed. The idea is to bring up the viewpoint of different stakeholders situated in 
different layers of the organization to understand its situational context and the 
system inside it.  
Inspired by Baranauskas’ SAC approach (Baranauskas, 2009), we draw on 
artifacts from OS and design practices from PD in order to propose practices for 
supporting design activities in a situated context. Figure 3.1 presents details 
indicating three semiotics artifacts chosen for supporting the problem clarification 




Identification Diagram (SID); (2) Evaluation Frame (EF); and (3) Semiotic 
Framework (SF).  
The SID (Liu, 2001) is an artifact from OS that facilitates the identification of the 
parties involved in a particular design situation; going beyond obvious classes of 
stakeholders (e.g., user, client, manager), it pays attention to different levels of 
involvement, interests, and expectation. The EF, proposed by Baranauskas (2005), 
extends the SID to support reasoning about problems and solutions related to each 
stakeholder; it favors the clarification and identification of requirements as well as 
the anticipation of issues that may impact/influence the solution to be designed. 
Finally, the SF (Stamper, 1973) is an artifact from OS that, in the context of our 
work, favors the identification and organization of requirements according to six 
different communication levels. The first three levels are related to technological 
issues (the physical, empirics, and syntactics), and the other three levels are related 
to aspects of human information functions (semantics, pragmatics and social world) 
(Liu, 2000). 
The artifacts articulate information from each other, not linearly: e.g., if during the 
practice with the SF or the EF a new stakeholder is identified, the SID must be 
updated, eventually resulting in an update of SF and/or EF. The information 
produced through the artifacts and the practices support further design activities, 
such as drawing, constructing and evaluating a prototype for the solution (see 
details “A”, “B” and “C” in Figure 3.1). Therefore, the SID, EF and SF are articulated 
in participatory practices with key stakeholders: while the SID and EF lead 
participants to think about aspects related to the stakeholders, their needs, 
expectations, problems, challenges and ideas, the SF supports the organization and 
specification of these aspects as requirements for design decisions regarding the 
prospective application.  
3.3  Case Study: the Situated Context and Methodological 
Approach 
The TdG TV show is one of several programs produced by EPTV whose 
programming reaches more than 10 million citizens living in a micro-region of about 
300 cities, in São Paulo and Minas Gerais States, Brazil (EPTV, 2017). TdG 
explores local diversity in flora and fauna, cooking, traditional music, and sport 




designers, technicians, engineers and journalists, among other staff members. 
Besides the TV show, the TdG team also produces a printed magazine and 
maintains a web portal related to the subject (TdG, 2017).  
This section presents the main activities conducted to clarify the problem domain 
and to identify potential requirements for the first prototype of an iDTV application 
for the TdG TV show, named iTG. This would be the first interactive application in 
the TV Company. In these activities, participants used the SID, EF and SF artifacts 
in 2 participatory and situated workshops for understanding the problem context, 
clarifying, analyzing and organizing requirements for the application to be designed. 
The activities were conducted from January to July, 2013, and involved 8 
participants playing different roles at EPTV: TdG Chief Editor: coordinates the 
production team (e.g., editors) of the TV show and the web portal. Designer: is 
responsible for the graphic art of the TV show, web portal, and iDTV application. 
Operational and Technological Development Manager: coordinates the department 
of new technologies. Supervisor of Development and Projects: coordinates the staff 
in the identification and implementation of new technologies. Engineer on 
Technological and Operational Development: works on infrastructure, and content 
production and distribution. Technician on Technological and Operational 
Development: is responsible for the implementation, support and maintenance of 
production department. Intern: an engineering student who is in training at EPTV. 
Three researchers in Human-Computer Interaction were responsible for preparing 
and conducting the workshops: two are experts in the SAC approach and the third is 
an expert in iDTV technologies. 
The activities started with the identification of the interested parties. As an input, 
a poster with the SID was previously filled in with post its containing stakeholders 
related to iDTV applications coming from literature (Buchdid and Baranauskas, 
2013a) and adapted to the TdG scenario. The participants were invited to propose 
new stakeholders, remove irrelevant ones, and exchange the position of 
stakeholders inside the diagram. Every change should be discussed among the 
group members (see “A” detail in Figure 3.2). The output was a diagram that 
reflects the stakeholders involved in the problem domain according to the 
participants point of view. This activity was key for identifying the main forces as 





Figure 3.2. Participatory activities in a situated context. 
Having identified the stakeholders, the participants were invited to fill in the EF 
artifact in order to think about possible important issues related to the different 
stakeholders, and the way they could affect the project (“B” detail in Figure 3.2). As 
input, the participants used the SID previously filled in, and their practical 
knowledge about the domain. The output was a collaboratively filled frame that 
presents requirements and constraints, observations and ideas, problems and 
suggestions related to different stakeholders’ issues. This practice was important to 
identify the forces (interests) among the participants in the situated context, 
generating discussion and ideas for the iDTV application to be designed.  
Finally, a workshop with the SF was conducted to organize the material produced 
from the previous practices in order to make explicit the requirements for the 
prospective iDTV application. As input for the activity, the SF was filled in with post 
its containing requirements identified through the EF, and with requirements for 
iDTV applications coming from literature (Buchdid and Baranauskas, 2013a). 
Therefore, participants were asked to discuss and validate the diagram previously 
filled in, keeping, removing, and proposing new requirements for the application to 
be designed. All the decisions came from the group discussion (“C” detail in Figure 
3.2). The output of this activity was an organized list of requirements for the 
application to be designed. 







Stakeholders Identification Diagram (SID) 15 min 30 min 45 min 
Evaluation Frame (EF) 10 min 35 min 45 min 
Semiotic Framework (SF) 15 min 50 min 65 min 
Total 40 min 1h 55 min 2h 35 min 
 
Before each activity, the results obtained from the previous activities were 




well as their methodologies and purposes were introduced to the participants. 
Posters with printed artifacts, pens and post its were prepared and provided to 
participants in each activity. During all the practices, the participants worked in a 
single group. Table 3.1 presents, for each activity presented in this paper, the time 
spent by researchers for introducing the artifacts and explaining how the 
participatory practices should be performed (“Introduction Time” column), the time 
spent by participants to perform each activity (“Practice Time” column), and the total 
time spent in each practice (“Total” column).  
The results from these activities (e.g., artefacts filled in) were used to generate 
design ideas for the first iTG prototype. These ideas were materialized through an 
adapted version of the Brain Draw participatory technique (“A” detail in Figure 3.1) 
guided by Design Patterns for iDTV (Kunert, 2009), supporting the construction of 
interfaces as well as an interactive prototype for the application. The final prototype 
was evaluated both interactively in a participatory practice and with representatives 
of end-users (“C” detail in Figure 3.1); the materials and results produced in these 
activities were used to inform requirements for the design of the iTG application.  
3.4  Results and Discussion 
The SID resulting from the participatory practices at EPTV (Figure 3.3) shows that 
there are many stakeholders potentially involved in the iTG application. The 
interested parties directly connected with the Broadcaster Company and iTG 
application are in italics, while the audience, which will be directly affected by the 
iTG application is underlined. The other stakeholders were brought from the 
literature (Buchdid and Baranauskas, 2013a) and were validated by the participants 
in the workshop.  
For example, in the operation layer there are Engineers and Technicians. 
Between the operation and contribution layers are the Producers and Designers. 
The EPTV as well as the TdG TV show are in the contribution layer because they 
are directly responsible for the development of the iDTV application. The “Terra da 
Gente” printed Magazine and Web Portal are crossing layers because they may 
advertise the iDTV application. The Commercial and Financial departments are 
between the source and market layer because they can define the economic 




in the community layer. Some stakeholders were removed because participants 
understood that these stakeholders were already incorporated into the ABNT 
(acronym for Brazilian Association of Technical Norms) standard, or entities such as 
ANATEL (National Telecommunications Agency) and other regulators. The 
headquarter, which was initially proposed in the community layer, was moved to the 
contribution layer due to the great influence of its premises and rules on the iDTV 
applications. Software companies were also removed since they intended to hire 
developers as staff of the EPTV to do the job. Other stakeholders were validated by 
participants due to their importance in the context of the application being 
developed (e.g., mobiles and personal computers can directly compete with iDTV 
applications). 
 
Figure 3.3. SID resulted from the participatory practice. 
Table 3.2 shows the EF resulted from the practice. It indicates that most issues 
were found in the contribution layer. The main problem emphasized during the 
activity was the “Competition of the iDTV application with the TV content”: the main 
concern of the participants is that the interactive application should not disrupt the 
viewers from the main content of the TV show. The solution proposal for this issue 
was to “Develop an application with the lower possible impact on the TV content”. 
The market layer was not worked out by the participants because the application 





Table 3.2. EF resulted from the participatory practice.  
Stakehol
ders 
Problems and Issues Ideas and Solutions 
Operation 
1. Labor (Human 
resources). 
2. Application maintenance. 
1. Hire professionals. 
2. Simplify operations. 
Contribu-
tion 
1. Headquarter approval. 
2. How to attract the viewer? 
3. Competition of iDTV 
application with the TV 
content. 
4. Policies of call the iDTV 
application. 
5. Return channel 
constraints. 
6. Graphic patterns. 
1. Respect pre-established premises. 
2. Advertise in the TdG website and 
magazine. 
3. Develop an application with the lower 
possible impact on the TV content. 
4. Broadcast the application in a 
transparent way for the user. 
5. Identify the existence of return 
channel before trying to use it. 
6. Experience different design elements. 
Source 
1. Existence and adequacy 
of receivers in accordance 
with standards. 
1. Develop applications according to the 
standard, regardless of the receiver 
brand and model. 
Market -------- -------- 
Commu-
nity 
1. How to identify iTG 
acceptance? 
1. Use the web portal to support 
measurement. 
 




1. Provide the least possible impact on TV content; 2. Consider the 
diversity of the target audience; 3. The remote control should be the main 
interaction device (due to costs). 
Pragma-
tics 
1. Integration with other communication channels (content, website and 
magazine); 2. Application with short interaction paths (few steps to reach the 
goal); 3. The application must challenge and encourage users to interact 
(motivation should be associated with the application content); 4. The 
application should be easy to understand and use. 
Seman-
tics 
1. Respect headquarter premises; 2. Identify when it is possible to use the 
return channel and adapt the application for it; 3. Use the TdG portal to 
prospect the application acceptance; 4. Ensure accessibility, usability and 
universal design; 5. clearly show the application features and relate them to 
the remote control’s buttons. 
Syntac-
tics 
1. It should be easy to maintain; 2. Respect graphic patterns (characteristic 
of the TV); 3. Must be asynchronous to the TV content; 4. Indicate to users 
when the application and updates are available (conditional); 5. Observe the 
constraints of the programming language used. 
Empirics 
1. Develop mechanisms to reduce the low speed transmission; 2. Consider 
the quality of the connectivity service available; 3. Use a web server suitable 
to a large number of connections.  
Physical 
World 
1. Follow the ABNT standard; 2. Consider the receiver limitations (memory 





Table 3.3 presents the requirements proposed for the iTG application, organized 
according to the SF artifact. The requirements in italics were identified during 
practice with the EF, while the underlined requirements were identified during the 
practice with the SF artifact. The other requirements were brought from literature 
(Buchdid and Baranauskas, 2013a) and were adapted to the TdG context. All 
requirements were validated by the participants.  
Some initially proposed requirements were excluded from the artifact by the 
participants. For example: i) “the need to transmit the application for mobile devices” 
was removed because the participants decided that the iDTV application should 
transmit just to TV devices; and ii) “alert users when using the return channel” 
(associated with costs of using it) was removed because there will be no additional 
costs for those who already have internet connection. 
As results of these practices, participants stated that the iTG application should 
be informational, so that users could have extra information that do not fit in the TV 
show content, not disturbing the audience´s attention to the program content. The 
application should reach the same audience of the TV show: people from all ages, 
mainly adults and elderly people that enjoy fauna and flora, fishing, ecotourism and 
regional cuisine. 
The results from the practices supported the construction and evaluation of an 
interactive prototype for iTG (Figure 3.4). For example: “A” detail shows the simple 
layout that covers only the screen edges, following the headquarter premises to 
“provide least possible impact on TV content”; the “B” detail shows a menu with few 
options and few hierarchical levels, which is directly linked to the requirements: “the 
application should be easy to understand and use” and “application with short 
interaction path (with a few steps to reach the goal)”. The “C” detail represents 
treatment for the requirements: “clearly show the application features and relate 
them to the remote control’s buttons” and “the remote control should be the main 
interaction device (due to costs)”. Finally, “D” detail shows a game to motivate the 
viewers to interact with the program content; this feature represents the 
requirement: “the application must challenge and encourage users to interact 





Figure 3.4. First Prototype for the iTG application.  
3.4.1 Discussion 
The situated and participatory practices supported by the informed artifacts were 
essential to provide an understanding about the problem domain, the solution to be 
designed and the different forces and interests that should be taken into account. 
The practices led to the construction of a collective knowledge about the problems 
that we would face during the process of designing an iDTV application, revealing 
interests of the participants, favoring discussions and the comparison of different 
viewpoints, levels of abstraction (informal, formal and technical), and so on. For 
example, envisaged Poll and/or Quiz features generated discussions among 
participants throughout the design process. From a technical viewpoint, the return 
channel required for these features is only possible if the TV is connected to the 
Internet, which does not occur with most Brazilian TVs (see “Contribution” layer in 
Table 3.2). From a practical perspective, a Poll could captivate viewers, becoming a 
direct communication channel between them and the TV show. However, according 
to some influential stakeholders, it could disperse the viewers’ attention. After 
discussion, the participants agreed to use the return channel and its services, 
specifying the following requirement: “Identify when it is possible to use the return 
channel and adapt the application for it”.  
The practices allowed participants to see the problem from different perspectives, 
generating ideas for the application; e.g., the participants became aware that, 
besides maintenance issues that may spend human and financial resources, the 
application must be primarily concerned with the end-user, respecting accessibility 
and usability issues, as well as normative questions, such as the headquarter 




layer gained notoriety during the process: when faced with the amount of 
stakeholders in SID, one participant said: “We had never thought of that range of 
stakeholders; only about the ones closer to the problem and those related to 
technical issues”. Concerns, such as “How to evaluate the application acceptance?” 
and “Consider the diversity of the target audience” also represent issues that would 
hardly be thought without the artifacts and practices conducted.  
The SID allowed us to observe that only those who are immersed in the situated 
context can measure the importance of some stakeholders: e.g., several 
stakeholders at the community layer were grouped into stakeholders that really 
made sense to the participants. The same was perceived with the EF and SF, in 
which some requirements would not be easily identified whether no participatory 
practice was conducted in a situated scenario. For example, the requirement: “It 
should be easy to maintain” is directly linked to the problem “Labor (Human 
resources department)” and the lack of developers in the broadcasting company.  
Filling in the SID and EF beforehand was important to give participants a starting 
point as well as to reduce the workshop time. The initial stakeholders and 
requirements promoted discussion between the participants, leading them beyond 
their initial viewpoint/opinion. For example, ethical issues associated to the use of 
the return channel were remembered and discussed during the activities. These 
issues are of utmost importance in technologies for human use, even more in 
applications that reach a wide audience, not only because of the user, but also 
because of the reputation of both the broadcasting company and the TV show.  
Using SO artifacts and conducting Participatory Design in the company settings 
was not considered expensive, as it could be supposed to be: only two workshops, 
lasting less than 2 hours each, were sufficient to the phase of clarifying the problem 
reported in this case study. Considering the whole design process, from the problem 
clarification to the prototype evaluation, less than 12 hours were required from the 
group. These results suggest that the Social Aware Computing in a situated context 
is a possible and viable approach to the design of iDTV applications.  
Finally, as lessons learned from our practices, we point out the importance of 
having a person from the organization that acts as a mediator between the 
organization’s members and external participants (e.g., researchers). This person 
must understand the differences in language and culture, as well as the interests of 




deal with different tradeoffs. Also, during the practices it was possible to perceive 
among the insiders the existence of two groups with competitive views: those who 
were betting on interactivity as a mechanism to attract the audience, and those who 
were not, arguing that interactivity could disturb the viewers from the TV Show 
content. In this case, the researchers, supported by OS artifacts, acted as the 
mediators in the negotiation for reaching final decisions. 
3.5  Conclusion 
The design of iDTV applications presupposes a comprehensive and contextual 
analysis for the application to make sense for the diversity of possible audience. In a 
broadcasting company, the design of iDTV application is a new activity that is not 
yet in its supply chain. In this sense, practices that understand the company’s 
needs, that is suitable to their production chain, and that favor the design of 
applications that make sense to viewers are welcome. In this paper, we presented 
three participatory practices with artifacts adapted from the Organizational 
Semiotics to understand a situated context at different levels of abstraction and from 
different viewpoints in order to clarify requirements for an iDTV application. 
The practices were important to generate discussions among participants, 
promoting the understanding of the main interests and conflicts inside the 
company’s context, the constraints and possibilities of the application being 
designed, the role of the application within the TV show, what it should provide to 
the viewers, and so on. Understanding the situated context was also important to 
the proposition of participatory practices suitable to the broadcasting company 
reality, allowing the participants to effectively clarify the problem and propose design 
solutions for an iDTV application in a collaborative way. The findings suggest that 
the practices are viable to be conducted in practical contexts, requiring reasonable 
time and few resources of the broadcasting company.  
Other OS methods and artefacts may still be used for further studies. For 
example: the semantic analysis and the norm analysis could be previously 
elaborated and worked in a participatory workshop as well. The application 
designed from the activities presented in this paper is being implemented and tested 










Designing an iDTV Application in a Situated 
Scenario 






Interactive Digital TV (iDTV) applications suffer with problems that are inherent to 
the technology and their social aspects. In addition, theoretical and practical 
references for designing iDTV applications are not easily found. In this sense, 
designing for iDTV has become an increasingly complex activity. In this paper, we 
propose three participatory practices for supporting a situated design and evaluation 
of iDTV applications. The practices were articulated in a situated design process 
conducted inside a Brazilian TV company. The approach favored the participation of 
important stakeholders, supporting different design activities: from design ideas to 
the creation and evaluation of an interactive prototype. The results suggest the 
practices’ usefulness for supporting design activities, indicate the benefits of a 
situated and participatory approach for iDTV applications, and may inspire 
researchers and designers in other contexts. 
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4.1  Introduction 
In the last years, the amount and diversity of technical devices have increased both 
inside and outside people’s homes (e.g., tools, mobiles, cars, airports), being 
increasingly interconnected (e.g., through bluetooth, wireless LAN, 4G) (Fallman, 
2011). Systems are not working in isolation, but in plural environments, bringing 
different people together as citizens and members of global communities (Sellen et 
al., 2009). As Bannon (2011) suggests, in this scenario, there are problems that go 
beyond the relationship between users and technologies, requiring more than a 
man-machine approach and ergonomic fixes to make useful and meaningful design.  
Therefore, designing interactive systems is becoming a more complex task, not 
only in the technical sense, but also in the social one (Fallman, 2011). However, 
Winograd (1997) highlights that the majority of techniques, concepts, methods and 
skills to make design for a new and complex scenario are foreign of the computer 
science mainstream. In this sense, it is necessary to look at the technology 
comprehensively within the situated context in which it is embedded, incorporating 
knowledge of several stakeholders, areas, subjects and theories (Harrison et al., 
2007). 
Within this scenario, the emergency of the Interactive Digital TV (iDTV) (which 
includes digital transmission, receiver processing capability and interactivity 
channel) opens up a variety of possibilities for new services for TV (Rice and Alm, 
2008). However, as Bernhaupt et al. (2010) argue, with new devices connected to 
TV, watching it has become an increasingly complicated activity. 
In fact, the iDTV has technical issues as well as social characteristics that 
influence directly their use and acceptance. For instance: the interaction limited by 
the remote control, the lack of custom of people to interact with television, the high 
amount and diversity of users, the usual presence of other viewers in the same 
physical space, to cite a few (Kunert, 2009). As Cesar et al. (2008) assert, the TV is 
a highly social and pervasive technology — characteristics that make it a 
challenging and interesting field to investigate, but that usually are not receiving 
attention from current works. Furthermore, Kunert (2009) highlights that every 
emergent technology suffers from a lack of references, processes and artifacts for 




broadcasters’ production chain and explore the challenge of designing applications 
within the broadcasters’ context are welcome. 
Despite not abundant, some literature has proposed ways to support the design 
of iDTV applications. Chorianopoulos (2006) analyzed works on media and studies 
about television and everyday life, proposing design principles to support user 
interactivity during leisure pursuits in domestic settings. Piccolo et al. (2007) 
proposed recommendations to help designers with accessibility issues for iDTV 
applications. Kunert (2009) proposed a collection of pattern for the iDTV focused in 
usability issues. Solano et al. (2011) presented a set of guidelines that should be 
considered in iDTV applications for preventing frequent usability problems.   
Focused on the users’ aspects, Rice and Alm (2008) proposed methodologies 
and interactive practices influenced by the Participatory Design (PD) to design 
solutions for supporting elderly people to interact with iDTV. Bernhaupt et al. (2010), 
in turn, used the Cultural Probes Method to conduct ethnographic studies in order to 
understand users’ media behavior and expectations, indicating trends concerned 
with personalization, privacy, security and communication.  
Focusing on the broadcaster company’s aspects, some works have adapted 
traditional methodologies for software development (Gawlinski, 2003) and Agile 
Methods (Wilson, 2013) to the companies’ production chain. The adapted 
methodologies encompass the entire software engineer process (e.g., requirement 
analysis, project, implementation, testing and support); although robust in terms of 
the technical process of software development, end-users are usually not 
considered in the process. 
Shedding light on this scenario, we draw on Socially Aware Computing (SAC) 
(Baranauskas, 2009; Baranauskas, 2014), Organizational Semiotics theory (Liu, 
2000), Participatory Design (Müller et al., 1997), and Design Patterns for iDTV 
applications (Kunert, 2009) to propose three situated and participatory practices for 
supporting designers to create and evaluate iDTV applications: i) the Participatory 
Pattern Cards; ii) the Pattern-guided Braindrawing; and iii) the Participatory Situated 
Evaluation.  
In this paper, we present the three practices and the theories underlying them, 
and discuss the results obtained from their usage in the practical context of a 
Brazilian broadcasting company. The practices were planned to facilitate the 




applications design. A group of 9 persons, with different profiles, participated in 
design workshops for creating an iDTV application for one of the company’s 
programs. The results suggest both the practices’ usefulness for supporting design 
activities and the benefits of situated and Participatory Design for iDTV applications, 
indicating the viability of conducting the practices in industrial settings. 
The paper is organized as follows: the Section 4.2 introduces the theories and 
methodologies that ground our work. Section 4.3 describes the new practices 
created for supporting a situated and Participatory Design of iDTV applications. 
Section 4.4 presents the case study in which the techniques were applied, and 
Section 4.5 presents and discusses the findings from the case study analysis. 
Finally, Section 4.6 presents our final considerations and directions for future 
research. 
4.1.1 Software Development vs TV Production Processes 
TV channels have teams with well-defined roles (e.g., director, designer, producer 
and engineer) and tasks (e.g., pre-production, production and transmission) that 
work in a synchronized way to produce the television content (Bonasio, 2002). For 
example, while the production teams produce television content, engineers provide 
infrastructure for broadcasting the TV content to viewers. A software development 
process has also well-defined steps and roles. Pressman (2001) argues that the 
main steps depend on different process models (e.g., Cascade Model, Agile 
Methods) and should encompass from requirements analysis and design to 
development and testing of the system. These steps are supported by designers, 
developers, testers, and analysts among other professionals. 
With iDTV and the need to produce interactive content, the production process of 
television content gains new roles and new needs toward the software production. 
However, the broadcasting companies are not ready for this new component into 
their production chains. In addition, Veiga (2006) argues that designing iDTV 
applications is hardly supported by existing methodologies (e.g., Cascade Model) 
because it is different from designing traditional software systems (e.g., desktop, 
web). There is a distance between a production process of television content and 
conventional software development process. In this sense, the application of iDTV 
must be created on the optics of the two process models, and the opportunity arises 




from inspirations in both process models.  In this work we draw on the SAC 
approach that seeks to understand the needs of the production chain from TV 
Company, and brings theoretical references from software engineering, but also 
seeks to bring the end-user’s needs for the artifact to be designed. 
4.2  Theoretical and Methodological Foundation 
Organizational Semiotics (OS) and Participatory Design (PD) are two disciplines 
which represent the philosophical basis for the design approach considered in this 
work.  Design patterns for iDTV add to this theoretical basis contributing to shaping 
the design product.  
OS proposes a comprehensive study of organizations at different levels of 
formalization (informal, formal, and technical), and their interdependencies. OS 
understands that all organized behavior is effected through the communication and 
interpretation of signs by people, individually and in groups (Liu, 2000; Stamper et 
al., 2000). In this sense, the OS supports the understanding of the context in which 
the technical system is/will be inserted and the main forces that direct or indirectly 
act on it. If an information system is to be built for an organization, the 
understanding of organizational functions from the informal to the technical level is 
essential (Liu, 2000). 
The PD, originated in the 70’s in Norway, had the goal of giving to workers the 
rights to participate in design decisions regarding the use of new technologies in the 
workplace (Müller et al., 1997). In this sense, PD proposes conditions for user 
participation during the design process of software systems. PD makes use of 
simple practices that use fewer resources (e.g., pen and paper), and considers that 
everyone involved in a design situation is capable of contributing, regardless of 
his/her role, hierarchical level, and socio-economic conditions. Two examples of 
participatory practices are Brainwriting (VanGundy, 1983) and Braindrawing (Müller 
et al., 1997). Both practices are examples of cyclical brainstorming conducted to 
generate ideas and perspectives from various participants for the system to be built. 
While Brainwriting was created to generate ideas for system features, Braindrawing 
was proposed for generating graphical ideas for the User Interface (UI). 
Drawing on OS and PD, the Socially Aware Computing (SAC) proposes to 




in a systematic way; moreover, it recognizes the value of participatory practices to 
understand the situated character of design. 
4.2.1 Socially Aware Computing 
The Socially Aware Computing (SAC) is a socially motivated approach to design 
(Baranauskas, 2009) that supports the understanding of the organization, the 
solution to be designed, and the context in which the solution will be inserted, so 
that it can effectively meet the sociotechnical needs of a particular group or 
organization. 
Considering the Semiotic Onion (see “SAC’s Meta-Model” detail in Figure 4.1), 
SAC understands design as a process that must go through the informal, formal and 
technical layers cyclically — see the dashed cycle. According to Baranauskas 
(2014), the design process should be understood as a movement that starts in the 
society (outside of the semiotic onion) and progresses through the informal and 
formal layers in order to build the technical system. Once (an increment of) the 
technical system is projected, the movement returns impacting on formal and 
informal layers alike, including the people for whom the system was designed, the 
environment in which it is/will be inserted, and the society in general. SAC is an 
iterative and incremental process. Therefore, each iteration favors the problem 
clarification, knowledge-building, and the design and evaluation of the proposed 
solution.  
For understanding the organization’s situational context and the system inside it, 
SAC uses concepts and techniques inspired by PD and OS. More than the end-
user, SAC considers and involves key stakeholders and heterogeneous groups of 
people who may influence and/or may be influenced by the problem being 
discussed and/or the solution to be designed.  
The practices conducted in SAC are held throughout the design process within 
Semio-participatory Workshops (SpW). According to Baranauskas (Baranauskas, 
2013), each SpW has well-defined goals and rules within the design process, such 
as: i) socialization and personal introductions of the participants. ii) explanations 
about the SpW to be conducted, its concepts and objectives. iii) the role of the SpW 
in a whole design process (in the cases where there are more than one SpW to be 
conducted). iv) a well-defined schedule for activities. v) artifacts and methods 




SAC has been used to support design in several different contexts, being applied 
in design scenarios of high diversity of users (e.g., skills, knowledge, age, gender, 
special needs, literacy, intentions, values, beliefs) and to create different design 
products in both academic and industrial environments (Pereira, 2013). Specifically 
for the iDTV context, SAC has being used to support the consideration of 
stakeholders’ values and culture during the design process (Pereira et al., 2012), for 
proposing requirements and recommendations to iDTV applications (Piccolo et al., 
2007), and to physical interaction devices (Miranda et al., 2010).   
4.2.2 Design Patterns for iDTV 
Design patterns were originally proposed to capture the essence of successful 
solutions to recurring problems of architectural projects in a given context 
(Alexander,1979). In addition to their use in the original field of architecture, design 
patterns have been used in other fields, such as Software Engineering (Gamma et 
al., 1995) and Human-Computer Interaction (HCI) (Borchers, 2001), and within 
different contexts, such as Ubiquitous Computing (Chung et al., 2004) and iDTV 
(Kunert, 2009). 
For new technologies, Kunert (2009) and Chung et al. (2004) argue that design 
patterns present advantages: i) they are distributed within a hierarchical structure, 
which makes it easier to locate and differentiate between patterns of different 
granularity; ii) they are proposed in a simple language; and iii) they incorporate 
references that may indicate other forms of design guidance. 
In the iDTV field, few studies proposing HCI patterns are found in literature. For 
instance, Sousa et al. (2006) identified a list of usability patterns for specific 
interactive iDTV tasks, and Kunert (2009) proposed a pattern collection that focuses 
on interaction design for iDTV applications, paying special attention to usability 
issues. 
The pattern collection used in this work is the one proposed by Kunert (2009). 
The patterns are divided into 10 groups: Group A: Page Layout — Defines the 
layout types to be used in the application; Group B: Navigation — Defines what 
types of navigation are to be used in the application; Group C: Remote Control 
Keys — Defines the main keys of the remote control; Group D: Basic Functions — 
Highlights the basic functions that should be considered in the design of interaction; 




application; Group F: User Participation — Describes the interaction of specific 
tasks; and the way how the approval for connectivity should be handled; Group G: 
Text Input — Defines the multiple ways to input text, when to use each, and how to 
use them in an application; Group H: Help — Defines the types of help and how to 
provide them for users in an appropriate way, according to the context of use; 
Group I: Accessibility & Personalization — Deals with accessibility and 
personalization issues; and Group J: Specific User Groups — Illustrates patterns 
for specific user groups (e.g., children). Each of the 10 groups describes and 
illustrates first-level problems that are divided into new design problems of second 
and third levels. On the second level, there are 35 interaction problems; for each 
one, there is a corresponding pattern. 
There is not a strict order when choosing patterns, however, Kunert (2009) 
suggests choosing the layout and navigation patterns before the other patterns, 
because this initial decision directly influences the remaining ones. 
4.3  The Proposed Participatory Practices 
Drawing on the design patterns and the Participatory Design techniques, we 
proposed three practices for supporting design activities in a situated context: i) 
Participatory Pattern Cards; ii) Pattern-guided Braindrawing; and iii) Participatory 
Situated Evaluation. These practices were articulated with other design activities in 
an instantiation of Baranauskas’ SAC design process (Baranauskas, 2009; 
Baranauskas, 2014) in order to favor the situated and Participatory Design of iDTV 
applications — see Figure 4.1.  
The “A” detail in Figure 4.1 suggests that the problem domain must be clarified 
and a solution proposal must be discussed in a participatory way before engaging in 
further design activities. When the problem is clarified and a solution is proposed, 
three participatory practices (“1”, “2” and “3” details) support the production of the 
first version of the prototype (“B” detail); one participatory practice supports the 
inspection of the designed prototype (“4” detail), and one extra evaluation may be 
conducted with prospective end-users (“5” detail). These activities contribute to build 
and evaluate a prototype for the application, offering useful information for further 







Figure 4.1. Design process 
The Participatory Pattern Cards (PPC) (“1” detail in Figure 4.1) was conceived 
to support discussions about design patterns for the iDTV, and the identification and 
selection of the patterns suitable for the application being designed. For this 
practice, we created 34 cards based on Kunert’s Design Patterns (2009) for the 
iDTV. Table 4.1 presents a description for the practice. 
Figure 4.2 illustrates an example of a Pattern Card created for the practice. Each 
card has the following sections: i) group, reference and name of the pattern, ii) an 
example of the pattern being used in a given situation; iii) a brief description of the 
problem; iv) forces (advantages and disadvantages) that act directly and indirectly 
on the problem to be solved; and v) the solution to the problem.  
 
Figure 4.2. Example of a Pattern Card created from Kunert’s collection of patterns (2009) 
The PPC practice is useful to clarify the constraints and potentials of iDTV technology and to 
choose design patterns in a participatory way, contributing to the construction of a shared 




Table 4.1. Description of the PPC practice 












 1. A set of 34 cards representing Kunert’s collection of patterns 
(2009): the cards are organized in 5 predefined groups (e.g., 
patterns for the application’s layout; patterns for the text input 
mode);  
2. All the material produced in previous activities (e.g., a brief 
description of the design problem, a general description of a 











1. Cards overview: participants are introduced to the Pattern 
Cards, their different types and usage examples; 
2. Selection of patterns: for each card group, participants should 
individually select the cards that would potentially be used in 
the application. 
3. Consensus: a brainstorming section where the participants 
present the selected patterns and discuss the pros and cons of 
each one in order to decide the ones they will adopt; 
4. Justification for the choices: once a consensus was reached, 
participants must justify their choices based on the project’s 














1. A subset of patterns that will potentially be used for the 
application.  
As byproducts, the practice: i) brings participants closer to the iDTV 
domain; ii) draws attention to the limited resources and technology 
that will be provided for the system to be designed; and iii) may 
inspire design ideas for future projects. 
 
The Brainwriting (“2” detail in Figure 4.1) is a silent and written generation of 
ideas by a group in which participants are asked to write ideas on a paper sheet 
during a pre-defined time (e.g., 60 seconds). Once this time was elapsed, each 
participant gives his/her paper sheet with ideas to other participant and receives 
another paper sheet to continue the ideas written on it. This process is repeated 
several times until a predefined criterion is satisfied — e.g., the fixed time has run 
out; each paper sheet passed by all the participants (Wilson, 2013). On the one 
hand, Brainwritting is a good method for producing different ideas in a parallel way, 
allowing the participation of all without inhibition from other participants. On the 
other hand, it focuses on the question/problem being discussed rather than on the 
person discussing it (VanGundy, 1983), avoiding conflicts between the participants. 
The Pattern-guided Braindrawing (PgB) (“3” detail in Figure 4.1) is an adapted 
version of Braindrawing that aims to generate ideas for the UI of the application 
being designed, taking into account the Design Patterns for iDTV. Table 4.2 




Table 4.2. Description of the PgB practice 


























1. Situating: participants are arranged in a circle;  the design 
problem and the results from the previous activities (e.g., 
requirements, PPC) are briefly reviewed; 
2. Generation of design elements: keeping visible the design 
patterns selected in the PPC and a list of requirements for the 
application, participants start drawing the application’s interface 
on a paper sheet. After a pre-defined time (e.g., 60 seconds), 
participants stop drawing, move the paper sheet to the 
colleague seated on their right side, and receive a paper sheet 
from a colleague seated on their left side, continuing to draw on 
the received paper sheet. This step repeats until all participants 
contributed with ideas to all the paper sheets at last once, i.e., a 
complete cycle; 
3. Synthesis of design elements: From their own paper sheets (the 
ones the participants initiated the drawing), participants 
highlight the design elements that appeared in their draws and 
that they find relevant for the application.  
4. Consensus: Based on the highlighted design elements from 
each paper sheet, the group synthesizes the ideas and 















1. Different UI proposals that were created in the participatory 
activity:  each proposal presents elements drawn by different 
participants, differing from each other because they were 
started by a different person; 
2. A collaborative proposal for the application’s UI, guided by 
design patterns, and created from the consolidation of the 
different proposals by the participants. 
 
The PgB allies the benefits from PD and Design Patterns, being useful to 
materialize ideas and proposals produced in the previous steps into prototypes for 
the application. Therefore, while the participatory nature of both PPC and PgB 
techniques motivate participants to generate design ideas that rely on the 
perspectives of different stakeholders, the use of Design Patterns informs these 
ideas and guides their materialization.  
A picture of a television device and a screenshot of the TV program may be used 
as background of the paper sheets used in PgB. This contributes to bring reality to 




limitations, the program layout and content. Example of this template is reported in 
Buchdid et al. (2014b). 
Table 4.3. Description of the PSE practice 














Laptop, interactive prototype, video camera, and software to 











1. Situating: participants are arranged in a circle; the interactive 
prototype is introduced to the participants and the evaluation 
activity is explained; participants can either conduct pre-
defined tasks (e.g., voting in a poll) or explore the application 
in a free way; 
2. Interacting with the prototype: a participant is invited to 
interact with the prototype; using the Thinking Aloud method 
(Lewis, 1982), the participant speaks aloud for the group 
while interacts with the prototype, reporting his/her thoughts 
(e.g., general impressions about the prototype, intentions, 
goals, difficulties, questions, reasoning). The other 
participants can talk to each other and to the person who is 
interacting with the prototype, speaking their thoughts alike. 
3. Consensus: based on the doubts, ideas, feelings and 
difficulties found during the activity, the participants elaborate 














 1. A mapping of the interaction and interface problems 
identified through the activity; 
2. Suggestions of improvements presented in the group’s 
suggestion list. 
 
The third practice created was the Participatory Situated Evaluation (PSE) (“4” 
detail in Figure 4.1). The PSE is an adapted version of Thinking Aloud method 
(Lewis, 1982) that aims to bring together all participants for the evaluation of an 
iterative application — Table 4.3 presents a description for the practice. This 
practice is useful to promote a collective analysis and discussion about the 
produced prototype; to identify shared doubts and difficulties, as well as ideas for 
improving the application. It avoids the prevalence of individual opinions, favoring 
the collective discussion and making sense about the application being evaluated, 
and optimizing the time spent by the participants during the activity. 
User Evaluation (“5” detail in Figure 4.1) proposal: the Thinking Aloud technique 




participants’ interaction, voices and facial expressions can be recorded, and 
participants may be invited to answer an evaluation questionnaire, providing their 
overall impressions about the prototype. The activity and data usage should be 
conducted in accordance to ethical principles in academic research.  
4.4  The Case Study  
The case study was conducted in a real context of a television broadcasting 
company, named EPTV (Portuguese acronym for “Pioneer Broadcasting Television 
Stations”). EPTV is affiliate of a large Brazilian broadcasting company. Currently, 
EPTV programming reaches more than 10 million citizens living in a microregion of 
about 300 cities (EPTV, 2017). 
“Terra da Gente” (TdG, “Our Land”, in English) is one of several programs 
produced by EPTV. The program explores local diversity in flora and fauna, 
cooking, traditional music, and sport fishing. Currently, the program runs weekly and 
is structured in 4 blocks of 8 to 10 minutes each. It counts on a team of editors, 
writers, producers, designers, technicians, engineers and journalists, among other 
staff members. In addition to the television program, the TdG team also produces a 
printed magazine and maintains a web portal. Both the magazine and the web 
portal serve as complementary sources of material for the TdG audience (TdG, 
2017). 
The activities reported in this paper were conducted from January to July, 2013, 
and involved 3 researchers from Computer Science and 6 participants playing 
different roles at EPTV: 
 TdG Chief Editor: is the person who coordinates the production team (e.g., edi-
tors, content producers and journalists) of the television program and the web 
portal. 
 Designer: is the responsible for the graphic art of the TV program as well as of 
the web portal, and who will be responsible for the graphic art of the iDTV appli-
cation. 
 Operational and Technological Development Manager: is the person who co-




 Supervisor of Development and Projects: is the person who coordinates the 
staff in the identification and implementation of new technologies for content pro-
duction and transmission. 
 Engineer on Technological and Operational Development: is the engineer of 
infrastructure, and content production and distribution. 
 Technical on Technological and Operational Development: is the person re-
sponsible for the implementation, support and maintenance of production sys-
tems and content distribution. 
 Researchers (3 people): are researchers in Human-Computer Interaction and 
the responsible for preparing and conducting the workshops. One of them is ex-
pert in the SAC approach and other is an expert in iDTV technologies.  
All the participants, except for the researchers, work in the television industry. 
The participants (P1, P2...P9) collaborated in the workshops proposed to the 
problem clarification, problem solving, requirement prospecting, as well as the 
creation of prototypes for the application and their evaluation, within a SAC 
approach. 
Regarding the familiarity of participants with iDTV applications, from the 9 
participants, 2 are experts; 2 are users of applications; 5 participants had already 
used/seen iDTV applications. Regarding the frequency which the participants watch 
the TdG TV show, 5 participants have been watching the TdG TV show, but not 
very often: 1 participant watches the program every week, 1 participant watches the 
program in average twice a month, and 2 participants watch at least once a month. 
4.4.1 Designing an Application for TdG 
This section presents the main activities conducted to create the first prototype of an 
iDTV application for the TdG TV show. Before these activities, participants had 
collaborated for the problem understanding, and for the clarification, analysis and 
organization of requirements for the application to be designed — as proposed by 
the SAC approach, and that are out of scope of this paper (“A” detail in Figure 4.1). 
The materials produced by the previous activities were used as input for the design 
activities presented in this paper, and were reported in Buchdid et al. (2014a). 
Before the beginning of each activity, the results obtained from the previous 
activities were presented and discussed briefly, and the techniques to be used, as 




instance, before the PPC activity, examples of different existing iDTV applications, 
and the patterns from Kunert (2009), were briefly presented and discussed with the 
participants. 
The PPC activity was the first participatory practice conducted to design the 
application prototype (“1” detail in Figure 4.1). Its input were the documentation 
produced in the problem clarification activities, the participant’s knowledge about the 
project, and Pattern Cards based on the Kunert’s patterns (2009).  
Originally classified into 10 different categories (from “A” to “J”), the patterns were 
grouped into 5 major groups in order to facilitate the participants’ understanding: 1. 
Layout (Group A); 2. Navigation (Group B); 3. Operation (Groups C, D and G); 4. 
Content presentation (Groups E and F); and 5. Help, accessibility and 
personalization (Groups H and I). Patterns such as “B3 Video Multi-Screen” and “J1 
Children” were not considered because they were out of the projects’ scope.  
The dynamic for this practice followed the description presented in Table 4.1. 
While each group of pattern was presented and discussed, participants were asked 
to select the ones that would potentially be used in the application — see “A” detail 
in Figure 4.3. This practice lasted 90 minutes and was important to generate 
discussion and ideas to the application; they also led to a shared knowledge about 
iDTV potentialities and limitations among the participants. 
 
Figure 4.3. Participatory activities in a situated context 
Guided by the discussions and the results identified in the PPC practice, the 
Brainwriting (“2” detail in Figure 4.1) was used to identify what the participants 
wanted in the application and what they thought the application should have/be. The 
dynamic for this activity is similar to the PgB presented in Table 4.2: each 
participant received a paper sheet with the following sentence: “I would like that the 
“Terra da Gente” application had...”; the participants should write their initial ideas 




sheets and continue to write on the ideas initiated by the other participants. After 
each paper had passed by all the participants and returned to the one who started 
writing the idea, participants should highlight the concepts that appeared in their 
paper sheet, and expose them to the group for discussion. The group reached a 
consensus creating a list of the main features that should appear in application — 
see “B” detail in Figure 4.3. This activity took 90 minutes. 
The PgB practice was conducted based on the ideas generated during the 
Brainwriting and took into account the patterns selected in the PPC (see “3” detail in 
Figure 4.1). The dynamic for this activity is presented in Table 4.2: each participant 
received a template in a paper sheet, and they were asked to explore the initial call 
for the application, the layout and other specific content that they would like to see 
in the application. Participants started drawing the application interface, exchanging 
their paper sheets periodically and continuing to draw on the paper sheets of the 
other participants until they received their paper sheet back — see “C” detail in 
Figure 4.3. This activity generated several ideas for the iDTV application that were 
consolidated by the team in a final proposal. This activity lasted 30 minutes. 
Based on the results obtained from these activities, the first prototype for the 
application was built (“B” detail in Figure 4.1) by a researcher who has experience in 
the development of iDTV applications. The Balsamiq® tool was used to create the UI 
and the CogTool® was used to model the tasks and to create an interactive 
prototype. The Pattern Cards were used again in order to inspect whether the 
application was in accordance with the design patterns, guiding the layout definition 
(e.g., font, elements size and position, visual arrangement of these elements) and 
interaction mechanisms (e.g., remote control’s keys that were used).  
The PSE was conducted in order to evaluate the produced prototype — “4” detail 
in Figure 4.1. The activity was conducted according to the structure presented in 
Table 4.3. The interactive prototype was presented to the participants, and one of 
them explored the application using the “Thinking Aloud” technique — see “D” detail 
in Figure 4.3. The other participants observed the interaction, took notes, and were 
able to ask, suggest and discuss with the evaluator at any time. Both the user 
interaction and the group dynamic were recorded, providing interesting information 
about the general perception of the participants and possible features to be 




minutes and, after concluded, participants answered a questionnaire evaluating the 
prototype. 
Finally, a User Evaluation was conducted in order to evaluate the prototype with 
prospective representatives from the target audience that did not participate in 
design activities — “5” detail in Figure 4.1. This activity was important to serve as a 
parameter to the PSE evaluation, assessing whether the prototype made sense to a 
more diverse audience. For this activity, 10 participants explored the prototype: 3 
participants are 21-30 years old, 5 are 31- 40 years old, 1 is 41-50 years old, and 1 
participant is over 60 years old. Regarding their formal education, from the 10 
participants: 1 has high school, 3 have bachelor’s degree, 2 has specialization 
course, 3 have master’s degree and 1 participant has a doctor’s degree. None 
participant had previous experience using iDTV applications; 8 participants were 
aware of them, but had never seen any application; and 2 participants had seen 
them before. Furthermore, from the 10 participants, 6 have been watching the TdG 
TV show, but not often; 3 participants watch once a month; and 1 participant do not 
watch TdG. 
4.5  Results and Discussion 
In this section, we present and discuss the main results from the practices we 
proposed in this paper to create the interactive prototype for the TdG TV show. 
4.5.1 Results of Design Practices  
During the PPC practice, the participants selected 20 patterns that could be used 
in the application design. At least one pattern from each group of patterns was 
considered by the participants. Table 4.4 presents some of the patterns selected by 
the participants. The “Groups” column presents the general group of the selected 
pattern; the “Patterns” column presents the name of the pattern; the “PPC” column 
indicates whether the pattern was selected during the PPC practice; the 
“Explanation” column explains the reason why the pattern was selected; and the 
“PgB” column indicated whether the pattern was identified in the prototype produced 
in the Brain-Drawing practice.  
For instance, the pattern “C3 Ok-key” was selected to be “the main interaction 
method together with arrow keys” in the PPC practice, and was identified in the 




selected in the PPC, but appeared in the prototype created by the participants: It 
can be partially explained by the fact that the participants got more used to the 
patterns and may have perceived the need/benefits of patterns they did not select 
during the PPC. Therefore, this is both an indication that the PPC does not narrow 
the participants’ views during the creation of prototypes, and an evidence that the 
PgB facilitates the revision of the selected patterns during the creation of 
prototypes.  
Table 4.4. List of Patterns used in the activities 









C3 Ok-key ✔ 
It must be the main method of interaction together 
with arrow keys 
✔ 
C4 Colour keys ✔ 
To be used in case of voting and multiple-choice 
question 
✔ 
C5 Number keys  Would not be used due to the difficulty of use  
C6 Special keys  Hard to find on remote control ✔ 
D1 Initial call to 
action 
✔ 
An unobtrusive call that does not disturb who does 
not want to use the application 
✔ 
… ... ... .. 
G3 Mobile phone 
keyboard 
✔ 
Must not occupy much space on the screen. It will 










 H1 On-Screen 
instruction 
 
It is not necessary because the application is simple 
✔ 
H2 Help section ✔ Help only in the Option menu ✔ 
I1 Accessibility ✔ Universal Design  
I2 Personalisation  It is very sophisticated to this kind of application  
 
From the Brainwritting practice, 11 concepts were created to be included in the 
application: 1. Gallery/Making of: pictures from the TV program and information 
about the backstage; 2. Localization/Mapp: geographic coordinates of the place in 
which the TV program was recorded; additional information about roads, flights, 
trains, etc. 3. Recipe/Ingredients: it presents the ingredients of the recipe that will be 
prepared during the TV program. 4. Information/Curiosity: offers information and 
curiosities about the fauna and flora existing in the place where the TV program was 
recorded. 5. Evaluation Poll: a poll that allows users to answer whether they liked 
the program they are watching. 6. Quiz: a question-answer based-game about 
subjects directly related to the TV program content. 7. Fishing Game: a ludic game 
intended to keep users’ attention through a virtual fishing while they watch the TV 
program (e.g., a little fish will appear on the screen and the user must select a 




answer whether a given story is true or false. 9. Abstract: a summary of the current 
TV program.  10. Prospection Poll: a poll that allows users to vote in the subjected 
that will be presented in the next program. 11. Chat: asynchronous communication 
on the TV program. 
The first 6 concepts were selected to be used in the PgB activity. In addition, the 
participants were invited to explore ideas to application’s trigger (Pattern: “DI Initial 
Call to Action”) in the same activity. The other concepts were not considered 
because they were similar to a selected concept (e.g., Fisherman Story is similar to 
the Quiz), because they were considered uninteresting (e.g., Summary), or because 
they would require high attention and cognitive effort to be used (e.g., Chat). 
All the six selected concepts appeared in the individual prototypes created by the 
participants of the PgB practice as well as in the final prototype consolidated by the 
participants. For instance, the “Gallery/Making of” concept appeared in 7 individual 
prototypes (see the column “Frequency” in Table 4.5), and was represented in 4 
different forms (column “Forms”). The 9 individual prototypes also represented the 
“Localization/Mapp” concept in 4 different forms. Furthermore, the “Fishing Game” 
appeared 3 times even not being one of the chosen concepts; indicating that the 
activity favored the appearance of different and diverse ideas. 
Table 4.5. List of concepts represented in the individual prototypes 
Concept Frequency Forms 
Gallery/Making Of 7 4 
Localization/Mapp 9 4 
Recipe/Ingredients 7 4 
Information/Curiosities 7 4 
Evaluation Poll 5 3 
Quiz 5 3 
Application’s Trigger 6 6 
Fishing Game 3 3 
 
The individual prototypes generated in the PgB were consolidated into a final 
prototype that, in turn, was used as the basis for creating an interactive prototype for 
the TdG iDTV application. The six concepts cited previously, as well as the patterns 
presented in Table 4.4, and general ideas elaborated by the participants were 
reflected in the interactive prototype. In fact, the design patterns selected in the PPC 
practice were reflected in both the final prototype produced by the participants and 




Colour keys” and “H2 Help section” were selected in the PPC activity and were 
considered in the individual prototypes — see Table 4.4, and were also considered 
in the interactive prototype — see details “C4” and “H2” in Figure 4.4.  
 
Figure 4.4. Patterns highlighted on the mockups from the PgB and on the final prototype 
4.5.2 Evaluation 
Results of the PSE Practice:  During the PSE we identified that users could leave 
the application at any moment/any level of interaction; however, the evaluation 
indicated that it could cause interaction problems, such as the user accidentally 
leaving the application while trying to see a picture from the backstage. The 
participants recommended disabling the “Exit” functions when the user enters in a 
second level menu/function. Furthermore, the “Help” function also should be applied 
only to the general application (not in specific sub-menus), because the application 
is very easy to use and the button could disturb the user in specific activities. 
Other useful feedbacks were obtained from the PSE practice, such as the 
suggestion to use numbers in the poll’s options in order to facilitate the selection, 
and not confuse users with other application’s functions that use colors key; and the 
recommendation to not deploy the “Quiz” and the “Poll” features simultaneously in 
the application in order to not overload users with similar features. 
The participant who explored the interactive prototype in the PSE practice was 
clearly pleased for not having difficulties while using it, highlighting the simplicity and 
consistency of the interactive prototype. Using his words: “(…) if even me was able 
to understand and use the prototype, then it means the prototype is very intuitive.” 
[laughs] — he had never used an iDTV application before. 
The participants’ responses to the evaluation questionnaire also indicated a 




answered the questionnaire, 7 (78%) responded they really liked the prototype, and 
2 (22%) answered that they liked moderately. No indifferent or negative response 
was provided, indicating that the prototype met the participants’ expectations 
Results of the Test with Prospective Users: The test with representatives from the 
audience reinforced a favorable opinion about the interactive prototype. The 10 
prospective users were able to understand and explore the prototype, indicating its 
simplicity. From their responses to the evaluation questionnaire, 5 users (50%) 
answered they really liked the prototype, 4 users (40%) answered they liked 
moderately, and 1 users (10%) answered with indifference. Although users reported  
the application was intuitive and easy to use, they had initial difficulties to interact 
with the prototype, in parts because of their lack of experience with iDTV 
applications. After a few interactions, users got more comfortable with the 
application and started to explore it, visiting its different features. However, when 
some users felt lost, they tried to change the channel, turn off the TV device, tried 
many remote key options or visited parts of application randomly. 
The representatives liked the application because they would be able to access 
relevant content (curiosities, recipes, game fishing and exclusive content); to take 
notes of information that is difficult to annotate during the TV show (e.g., recipe and 
directions); to view part of the content they missed in the TV Show; iv) to learn more 
about a new subject (e.g., curiosities). However, to continue accessing the iDTV 
application, users answered that the application should be updated for each new 
program (e.g., extra curiosities, new games, and different recipes). 
Although we need to test the application with a higher number of users in order to 
have data with statistical relevance, obtaining 90% of positive responses is a good 
indication given that they did not participate in design activities and had no prior 
contact with iDTV applications.  
Preliminary Evaluation of the Design Process. The process has shown strong 
aspects in different situations. One of them, participants with different roles in EPTV 
showed themselves comfortable at all times of the process to expose their ideas 
and desires. While some participants want more interactivity and functionality, other 
participants, with responsibilities on the product itself (the TV program content), 
wanted an aesthetically simple application that does not influence on the television 




activities guided by the Organizational Semiotics artifacts were important for 
achieving a cohesive and uniform decision from the whole group. 
Other point that deserves consideration in this project is its situated context. The 
conduction of participatory practices in a situated context contributed to understand 
different forces related to the project and the organization in which it was being 
conducted. In each new practice, it was possible to clarify tensions between the 
participants, the context in which the EPTV operates, the high importance of the 
TdG TV show for EPTV organization, the relation between the affiliate and its 
headquarter and, mainly, the role that the application might play in the TV program. 
Participants have different views and understandings regarding the competition (for 
the user attention) between the interactive application and the TV program, and 
different opinions about what the application should offer to users and the way it 
should be offered. Such complex context would be difficult to capture and 
understand in a non-situated design approach, and such conflicts would be hard to 
deal with if participatory practices were not part of the methodology. 
Furthermore, the four workshops conducted at EPTV took about 12 hours. It 
means that all the process, from the problem clarification to the prototype 
evaluation, took them less than two days of work. It is clear that a great effort from 
the researchers was needed in order to summarize, analyze and prepare the 
practices as well as to prepare the presentations and build the interactive prototype. 
Indeed, this effort is expected because a lot of work must be done in parallel to the 
practices organization and conduction. Therefore, this experience shows that it is 
possible, viable and worth the time used to make Participatory Design in a situated 
context. 
4.5.3 Discussion 
During the participatory practices, the constructive nature of the process allowed to 
see how different viewpoints were conciliated, different proposals were 
consolidated, a shared understanding about the problem domain and the application 
was created, and how the discussions were materialized into a solution proposal. 
Ideas and concepts that were discussed when the project started could be 
perceived during the practices and were reflected in the final prototype. 
The interactive prototype reflected the results from both PPC and PgB practices, 




created. The examples of existing applications presented to the participants were 
useful to illustrate different solutions regarding the patterns, inspiring the design of 
the new application and avoiding design decisions that would not satisfy them. The 
PPC practice was especially useful to: i) present the constraints, limitations and 
challenges of designing for iDTV; and ii) introduce participants to design patterns for 
iDTV, which may support their design decisions. 
The PgB, in turn, was useful for supporting a pattern-guided construction of UI 
proposals for the application from the material produced in the previous activities. 
This practice is especially important because it favored the consideration of Design 
Patterns in the prototype design, and because it allowed all the participants to 
expose their ideas and to influence the prototype being designed, avoiding the 
dominance of a single viewpoint. For instance, the “Poll” and the “Quiz” were 
concepts that emerged from the Brainwritting and were materialized during the PgB 
practice, but were strongly discussed among the participants because some of them 
did not approve these features. However, after listening pros and cons of 
keeping/removing these concepts from the project’s scope, the participants decided 
to keep both concepts in the final prototype.  
Regarding the prototype evaluation, the PSE was important to foment 
discussions on the design decisions. Furthermore, the feedback from prospective 
users was important to verify decisions made with outsiders: people who did not 
participate in the design process (e.g., how to present the recipe: only the 
ingredients should be included? The preparation mode should also be displayed?).  
The practices reported in this paper demonstrate that it is possible to conduct 
situated and Participatory Design in industrial settings. There is usually a myth that 
these practices are expensive and difficult to be conducted. In fact, in less than 4 
hours a prototype was built from the documentation produced in the previous 
practices and from the discussion between the participants — including the time 
spent to present examples of existing applications and the lecture for presenting the 
patterns. Some of the participants had a vague idea about how to design iDTV 
applications and none of them had designed this kind of application before. 
The experience at EPTV also indicated that a situated and Participatory Design 
contributes to the development of solutions that are in accordance to both the 
people directly involved in design practices and the prospective end-users of the 




participants approved the interactive prototype they co-designed; it was expected 
because of the participatory and situated nature of the process conducted. On the 
other hand, the evaluation with representatives from the target audience reinforced 
the positive results, indicating that the application was understood and well 
accepted by users that were not present in design activities and that had never 
experienced an iDTV application before. 
These results suggest that a situated and Participatory Design perspective favors 
the ideas of solutions that make sense to the interested parties, reflecting an 
understanding about the problem domain and its complex social context.    
4.6  Conclusion 
Designing iDTV applications is a complex activity due to several factors including 
the ecosystem of media that compete and cooperate with the TV. In addition, the 
production chains of the broadcasters are still not prepared to the design of iDTV 
applications. This paper proposed three different practices and presented activities 
for supporting a situated and Participatory Design of iDTV applications; a case study 
situated in real scenario of a TV organization illustrated the proposal in action. 
The results obtained from the case study indicated the benefits of using the 
practices for supporting the involved parties to understand the situated context that 
the iDTV application will be inserted, and to design an application that reflects that 
understanding. The results suggested that the interactive prototype designed was 
widely accepted by both the participants and prospective end-users, pointing out the 
situated and participatory process as a viable and useful perspective for designing 
iDTV applications. 
 Although the results so far are very positive, the prototype still needs to be 
broadcasted as an iDTV application in Terra da Gente TV show. Thus, further work 
involves the next steps of implementing and testing the final application and 
releasing it for use by the TV program viewers. We also intend to conduct further 
studies within the perspective of the Socially Aware Computing, to investigate the 











You Can Interact With Your TV and You May Like It 







Interactive Digital TV (iDTV) is a technology that has many challenges that surround 
it and that may discourage the passive viewers to interact with TV. To face the 
challenging scenario of designing for iDTV, we draw on the Social Aware 
Computing (SAC) approach to design, looking at the problem and proposing 
solutions on various abstraction levels (informal, formal and technical) according to 
the viewpoint of different stakeholders, including prospective end-users. This paper 
presents a motivational analysis conducted through Analytical and Empirical 
evaluations and Questionnaires, to understand whether and how an iDTV 
application designed through the SAC motivates users to interact with it. As results, 
our analysis pointed out application features that are likely to motivate users to 
interact, and features that emerged during the design process and were reflected on 
the application prototype.  Moreover, we discuss whether and how the SAC design 
process may support iDTV applications that make sense to users and motivate 
them to interact. 
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5.1  Introduction 
The Interactive Digital TV (iDTV) is an emerging technology considered a promising 
medium for the dissemination of information, potentially contributing to social and 
digital inclusion by reducing barriers to knowledge. However, iDTV presents some 
problems that impact directly on iDTV usage and may discourage the viewer to 
change his/her passive posture in front of the TV. Examples of problems include: i) 
those inherent to iDTV technology (e.g., the interaction limited by the remote 
control, the limited processing resources and memory, the low transmission speed); 
ii) those inherited from the culture of using the analogical TV (e.g., the lack of habit 
to interact with television content, the usual presence of other viewers in the same 
physical space); and iii) those associated with technological convergence where the 
TV is inserted (e.g., devices can either support the television usage or compete with 
it) (Cesar et al., 2008; Kunert, 2009). Furthermore, every emergent technology 
suffers from a lack of references, processes and artifacts for supporting their 
application design (Kunert, 2009). 
To face these challenges, some authors point out the need for considering social, 
emotional and motivational issues in the design of iDTV applications, including the 
end-user viewpoint and features of everyday life in order to promote the acceptance 
of this kind of application. Such elements include: i) design principles to support 
user interactivity during leisure pursuits in domestic settings (Chorianopoulos, 
2006); ii) ethnographic studies in order to understand users’ media behavior and 
expectations (Bernhaupt et al., 2010); and iii) Participatory Design methodologies 
and interactive practices to propose design solutions (Rice and Alm, 2008). We 
draw on Socially Aware Computing (Baranauskas, 2009), grounded on 
Organizational Semiotics (Liu, 2000) and Participatory Design (Müller, 1997), to 
make a social responsible design of iDTV applications: a design that meets the 
needs of the different stakeholders involved and of the complex social context in 
which the application is/will be situated.  
This paper presents and discusses results of an investigation on motivational 
aspects for promoting the use and adoption of iDTV applications. This investigation 
was grounded on the persuasive perspective proposed by Fogg (2009), and 
considered three different kinds of evaluation: empirical evaluation, analytical 




motivational characteristics that emerged from iDTV application designed through 
the socially aware design. 
The paper is organized as follows: Section 5.2 introduces the motivational 
theoretical and methodological background of our study; Section 5.3 shows the 
socially aware approach proposed to design an iDTV application in a TV Show’s 
situated context; Section 5.4 describes the method for evaluating the prototype for 
an iDTV application; Section 5.5 presents and discusses the main findings from 
case study; and Section 5.6 presents our final considerations and directions for 
future research.  
5.2  Theoretical and Methodological Foundation  
By definition, motivation is “the act or process of giving someone a reason for doing 
something” (Merriam-Webster, 2013). Motivation emerges from internal needs 
(which are driven by an interest or enjoyment in the task) and external influences 
(which are influences of the environment to motivate the individual performing tasks 
to be rewarded or not to be punished) (Reeve, 2009). In this sense, there are 
several approaches investigating motivation from different theoretical viewpoints 
(e.g., biological, physiological, psychological, social) that complement or opposes 
each other. Some studies have proposed general theories to account for 
commonalities among all human motives, and others have studied specific motives 
such as hunger, sex, affiliation, and achievement (Kassin, 2004). 
According to Torning and Oinas-Kukkonen (2009), there are at least four 
recognized key computer-based fields of research for persuasive systems and 
design: i) Human-Computer Interaction: investigates ways of designing computer 
systems that are usable and understandable, including how information can be 
gathered for such designs. ii) Computer-mediated communication: investigates how 
technology affects modes of communication (synchronous and asynchronous) and 
impacts on them. iii) Information systems: approaches the software, databases and 
the content provided for the user in a systemic way, looking for designing a system 
that will bring benefits to both the organization and the end-user (often working in 
their habitat). iv) Affective computing: investigating the creation of systems in order 




Literature also presents models for providing a systematic way to think about the 
factors underlying behavior change in the process of designing and evaluating 
persuasive systems, even for those who do not have an understanding on human 
psychology. For instance, Persuasive Systems Design (PSD) model (Oinas-
kukkonen and Harjumaa, 2009) provides an extensive conceptualization of 
technology-mediated persuasion. It can be used to prescribe persuasive designs 
and software requirements; it also supports evaluations by categorizing and 
mapping persuasive elements. Reeve (2009) proposes a framework to understand 
motivation and emotion which has been used, for example, in the HCI field for the 
design of Residential Energy Feedback Systems (Piccolo and Baranauskas, 2012). 
Other example is the work of Scialdone and Zhang (2010) that present a theoretic-
motivational model that helps to identify elements (from primitive human needs to 
formation and attainment of a specific behavior and goal) that can to inform design 
decisions of Information and Communication Technologies. 
The Conceptual Persuasive Model used in this study is named “Fogg Behavior 
Model” (FBM) (Fogg, 2009). The FBM aggregates important aspects of behavior 
change (e.g., ability) that can be handled directly by HCI concepts (e.g., usability). It 
is also used to identify problems in systems that fail to achieve the intended 
outcomes (e.g., iDTV). Thus, it seems to be a theoretical framework suitable for our 
study.  
5.2.1 Fogg Behavior Model (FBM) 
The FBM considers three main factors (motivation, ability and triggers) that 
influence people’s behavior change. The motivation factor is related to elements 
such as pleasure, pain, hope, fear, and social acceptance to perform the target 
behavior. The ability factor is related to simplicity in design, which makes the system 
easy for the user to perform the target behavior. Finally, a trigger is something that 
tells/incites people to perform the behavior right now (e.g., prompts, cues, and calls 
to action). In summary, the model assumes that to perform a target behavior the 
person must have sufficient motivation and ability, and must be driven by an 
effective trigger. Moreover, all the three factors must be simultaneously present for 
the behavior to occur.  
In this sense, in a design process of persuasive technology, the FBM may help 




factor is low, the designer can focus on this aspect during the design process. The 
same may happen to the ability and trigger factors. For clarifying the motivation, 
ability and trigger factors, Fogg (2009) associated key elements to them – see Table 
5.1. 












Pleasure / Pain 
They are (almost) an immediate motivator; It works as a primitive re-
sponse and it is similar to activities related to self-preservation and 
propagation of our genes (e.g., hunger and sex). 
Hope / Fear 
They are characterized by anticipation of an outcome (e.g., hope and 
fear are the expectation of something good or bad to happen, respec-
tively).  
Social Acceptance / 
Rejection 
They control our social behavior, from the clothes we wear to the lan-
guage we use. In practice, people are motivated to maintain social ac-







It refers to demand of time for a target behavior to occur; if we don’t 
have available time, then, the behavior is not simple (e.g.; form that has 
100 fields). 
Money 
It is associated with financial resources; if a target behavior costs mon-
ey and we don’t have money, then the behavior is not simple. 
Physical Effort 
It refers to physical effort to reach the target behavior, which may not be 
simple (e.g., travel long distances without transportation).  
Brain Cycles 
It refers to mental ability to reach the target behavior; If performing a 
target behavior causes us to think hard, that might not be simple (e.g., a 
hard math puzzle) 
Social Deviance 
It refers to the difficulty of getting a behavior that breaks society's rules 
(e.g., wearing pajamas to a city council meeting). 
Non-Routine 
Refers to the fact that a behavior becomes simpler if it is part of the 






It should be used when a person lacks motivation to perform a target 
behavior. It should be used in tandem with a motivational element (e.g., 
videos that inspire hope). 
Facilitator 
It is proper for users that have high motivation but lack ability. The goal 
is to trigger the behavior while making the behavior easier to occur (e.g. 
one click can get the job done). 
Signal 
It works best when people have both the ability and the motivation to 
perform the target behavior. The signal doesn’t seek to motivate people 
or simplify the task, but to serve as a reminder (e.g., traffic light that 
turns red or green). 
 
People have different profiles: they can be more easily or hardly motivated, or 
have more or less abilities, or may be more or less stimulated by a same trigger. 
These factors vary according to the individual, but they also vary according to the 




type, use time and location) because the more diverse they are, more complex is to 
design a motivational intervention (Fogg, 2009). 
5.3  Situated Design  
The Socially Aware Computing (SAC) (Baranauskas, 2009) is an approach to make 
a socially responsible, participatory and universal design as a process and a 
product. The SAC draws on Organizational Semiotics (OS) (Liu, 2000) to 
understand the context in which the technical system is/will be inserted and the 
main forces that direct or indirectly act on it; and Participatory Design (PD) (Müller et 
al., 1997) to understand the situated context.  Workshops involving heterogeneous 
groups of people who may influence and/or may be influenced by the problem being 
discussed and/or the solution to be designed are proposed within SAC.  
SAC understands design as a wave that starts in the society and progresses 
through the informal and formal layers in order to build the technical system — see 
“SAC’s instance” layers in Figure 5.1. The informal level refers to social norms that 
regulate behavior, beliefs, values, habits, culture, etc., that drive people’s behavior. 
The formal level involves rules and procedures created to explain mechanistic and 
repetitive tasks. The technical system is only part of the formal level of an 
organization, which can be automated. Once the technical system is projected, the 
wave returns impacting on the informal and formal layers, on society.  
The study scenario was the “Terra da Gente” (TdG) TV show (“Our Land” in 
English), one of the several TV shows produced by EPTV: a Brazilian broadcasting 
company whose program reaches a region in Brazil that includes 300 cities and 
more than 10 million citizens (EPTV, 2017). The TdG TV show explores local fauna 
and flora, fishing and regional cuisine, and reaches people from all ages, mainly 
adults and elderly people (TdG, 2017). The object of study is the design of an iDTV 
application for TdG, named iTG, which should reach the TV show’s audience. For 
designing the iTG, we conducted different activities during four participatory 
workshops in the situated context of EPTV. Ten participants involved directly and 
indirectly in the problem domain, with different profiles (e.g., designer, engineers, 
researchers, TV program director and interns), participated in these workshops. 
Figure 5.1 presents Baranauskas’ SAC approach to design (Baranauskas, 2009) 




OS and created new practices for supporting participatory and situated design 
activities. For instance, activities encompassed the problem understanding and 
clarification, the analysis and organization of requirements for the application to be 
designed, and the generation of design ideas for the first prototype of the iTG (see 
“A” detail in Figure 5.1). The produced ideas were materialized in prototyping 
activities through an adapted version of the Brain Draw participatory technique 
(Buchdid et al., 2014b) (“B” detail) that made use of design patterns for iDTV 
(Kunert, 2009). Both Balsamiq® and CogTool® tools were used to create the 
interactive prototype (“C” detail). The final prototype (Figure 5.2) was evaluated 
interactively by representatives from the target audience, by specialists in HCI, and 
also in a participatory practice with the workshops participants. These evaluation 
practices (“D” detail in Figure 5.1) were important to identify problems and propose 
solutions before producing and broadcasting the first version of iTG application.  
The materials produced in these activities were reported in (Buchdid et al., 2014a) 
and (Buchdid et al., 2014b). 
 
Figure 5.1. Situated instance of SAC’s meta-model for design 
Figure 5.2 highlights points that were reflected in the final prototype (from “A” to 
“F” details) and that emerged from different stages of the design process. For 
instance, “A” detail draws attention to a simple layout, which was suggested in 
problem clarification and solutions proposal stage, to prevent deviation of the 
television content and to complement it. The choice of remote control as the main 
interaction device, due to costs to viewers, also happened in the initial stage. The 




stage of drawing up ideas and prototyping (“B” detail). In this same stage, 
suggestions for the sub-page layouts (“D” and “E” details), and initial icon (see “F” 
detail) were made. The navigation project, which includes the remote control keys 
(see “C” detail), was defined in a design activity with Patterns and was refined 
during the construction of the final prototype. 
 
Figure 5.2. Application’s screenshots  
In addition to the situated and participatory activities, we applied questionnaires 
in each workshop. In the first we created a graph based on the FBM model, and 
asked the participants to represent the TdG viewer’s behavior regarding the 
insertion/use of an iDTV application. Participants should mark an “X” to indicate 
where they think the behavior actually is, and a “Y” where they think the behavior 
should be (the desirable situation) (see Figure 5.3).  
 
Figure 5.3. Answers from the participants prospecting viewers behavior 
Figure 5.3 shows the answers of six participants: on the one hand, the “X” marks 
show that the participants believe the viewers to have high motivation to interact 
with an iDTV application because the audience’s profile is exploratory and 




viewers still have low skill. On the other hand, the “Y” marks indicate that 
participants believe the viewers will be motivated with the new technology and will 
acquire the necessary skill as soon as the application is available, achieving the 
activation line to promote the behavior change. 
5.4  Motivational Evaluations 
In this paper, we focus on the motivational evaluation of the interactive prototype 
from three different perspectives (“1”, “2” and “3” details in Figure 5.1) that were 
conducted to: Goal 1: indicate possible problems of interaction from motivational 
analysis. Goal 2: identify whether the prototyped application was able to motivate 
users to interact with it and watch the television program. Goal 3: prospect whether 
and how the socially aware design process is able to deal with persuasive issues 
that appeal the user. Goal 4: identify the motivational elements that appeared on 
the application, showing which of these elements appeared during the design 
process being reflected in the final prototype; and, Goal 5:  raise useful ideas to 
promote the behavioral change on users of iDTV applications. 
Analytical evaluation (“1” detail in Figure 5.1): the prototype was analyzed 
according to 3 factors (motivation, ability and trigger) and theirs subfields (e.g., 
pleasure vs. pain, hope vs. fear, social acceptance vs. rejection) proposed in Fogg’s 
model (Fogg, 2009). For this, HCI specialists explored all prototype screens and the 
possible interactions on them, mapping motivational features found in the prototype 
according to FBM. 
Empirical evaluation (“2” detail in Figure 5.1): an evaluation with prospective end-
users interacting with the prototype was conducted for understanding the aspects 
that motivated, motivate, and supposedly will continue motivating them. The ease of 
use and triggers were also observed during the evaluation activity through the 
“Thinking Aloud” technique (Lewis, 1982). Participants’ interaction and facial 
expressions were recorded under their informed consent. Here, users were invited 
to freely navigate through the prototype, and they were asked to say whatever they 
were looking at, thinking, doing, and feeling as they went about their task. After the 
activity, HCI experts analyzed the recordings and mapped motivational aspects 




Questionnaires (“3” detail in Figure 5.1): after the empirical evaluation, the 
prospective end-users were asked to answer a questionnaire. The questionnaire 
aimed at identifying their general impressions about the application (subjective 
satisfaction), whether it discouraged or motivated them, and aspects of its usability. 
Questions were related to the user profile (e.g., age, formal education, previous 
experience using iDTV applications and mobiles, frequency that s/he watched the 
TdG TV show, etc.) and other general impressions (e.g.; whether the participants 
really enjoyed, liked moderately, were indifferent, didn't like so much or disliked the 
application; whether they had any suggestions for the application). The 
questionnaire also presented questions related to motivational issues, such as: 
 Motivational Axis: What would be your main motivation to access the iTG appli-
cation? And to continue accessing it? Do you consider that the iTG application 
will: i) motivate viewers to watch the TV Show, ii) indifferent (neither disturb nor 
motivate), or iii) disturb viewers when watching the TV Show. In what way?  
 Ability (simplicity) Axis: Did you have any problem to interact with the iTG? 
Was (or was not) easy to interact with it? How? Why? 
5.5  Results and Discussion 
10 participants explored the prototype: 3 participants are 21-30 years old, 5 are 31-
40 years old, 1 is 41-50 years old, and 1 participant is over 60 years old. Regarding 
their formal education: 1 has high school, 3 have bachelor’s degree, 1 has 
specialization course, 3 have master’s degree and 1 participant has a doctor’s 
degree. None participant had previous experience using iDTV applications; 8 
participants were aware of them, but had never seen any application; and 2 
participants had seen them before. Furthermore, 6 have been watching the TdG TV 
show, although not often; 3 participants watch once a month; and 1 participant do 
not watch TdG. 
The Analytical and Empirical Evaluations show that there are several pros and 
cons related to the motivational issues in the iTG context. Table 5.2 and Table 5.3 
present a summary of the results. 
In addition, the specialists understood that there are only 3 triggers in the 
application: i) initial icon: to call viewers to interact; ii) loading the application: to 




fishing game): to motivate viewers to continue watching the TV Show. All of them 
are trigger signals. The analysis of the prospective users interacting with the 
application indicated that the element designed to be the initial icon (see “F” detail in 
Figure 5.1) would be sufficient for expert users, but not for the non-expert ones. 
Sparks and Facilitator triggers were not designed in the application because they 
are expected to come from the TdG magazine and the web portal. 






























 Application content that 
complements the TV 
Shows 
 Entertainment features 
(e.g., Games and Poll)  
 iDTV application is an 
innovation 
 Direct interaction with TV Show (e.g., Polls, 
Quiz, Fisherman Story) 
 Users feel motivated (happy) with formal 
(e.g., Localization/Mapp and 
Information/Curiosity) or informal (e.g., 






 When users want to use the application 













 “Help” and tips can 
minimize the fear of non-
expert users to interact 
with a unknown technology 
 Users hope that application content is 
related (or complement) the current TV 
Show. If necessary with next and previous 
TV Shows 
 The users feel motivated when they receive 




  Fear of iDTV application 
competes  and distracts 
viewers from TV Show  
 Non-technological users can be afraid to 



























 Simple application 
(allowing digital and social 
inclusion). 
 Content and language was 
designed  to be familiar to 
TdG viewers 
 Users are happy when they easily reach 





 New technologies may be 
rejected by users 
 Non-experts users are afraid of making 
mistakes (socially judged); they try to reach 
the goal by using trial and error approach. 





























 Simple application 
takes less time for 
interaction. 
 Structured and 
synthetic information 
dispend less time from 
users. 
 Having few  information and requiring few 
interaction steps  make it simple the use 
 Application allows taking notes (e.g., 
Localization/Maps and Receipt) without 
access to the internet. 
 User can open the applications only when and 
if they want. 
 Immediacy on TV of some features are 





  Application will run just 
when TV show is 
running. 
 Application is available only when the TV show 
is running 











 No money is necessary 
to access the 
application  
 Gifts can stimulate the 
users to interact 
 Some users like when they earn gifts or 
money (e.g., a gift in the fishing game 
















 Application has low 
hierarchical levels  
 Layout chosen to not 
disturb the TV content 
 The application has few interaction levels: 
several interaction steps can disturb users 




  Blind and handicapped 
users will have 
difficulties to interact  
 Non-expert users will have difficulties to find 














 The application was 
designed to be simple 
(e.g., use of Arrows 
and OK keys) 




  Remote control 
requires high cognitive 
abilities 
 In the beginning non-experts feel lost 
















  Remote control is the 







 Interacting with TV is 
not in the culture of 
classic viewers 
(analogical TV) 
 Elderly users suffer more influences from 















 Interacting with iDTV from second time makes 





 Interact with iDTV 
applications is not part 
of the people's routine 
yet. 
 The use of uncommon remote control keys 






The Questionnaire answered by the representatives from the target audience 
reinforced a favorable opinion about the interactive prototype. The 10 prospective 
users were able to understand and explore the prototype, indicating points related to 
both motivation and simplicity. From their responses to the Motivational axis on the 
evaluation questionnaire, 7 (70%) answered they consider that the iTG application 
would motivate viewers to watch the TV Show, and 3 (30%) answered it would be 
indifferent (neither disturb nor motivate). Participants suggested that their main 
motivation to access the iTG application would be: i) to access relevant content 
(curiosities, recipes, game fishing and exclusive content); ii) to view part of the 
content they missed in the TV Show; iii) to take note of information that is difficult to 
annotate during the TV show (e.g., recipe and directions); iv) to learn more about a 
new subject; v) to view the information quickly without watching the entire TV 
program. The last one conflicts with the TV Show interests. To continue accessing 
the iTG, users answered that the application should be updated for each new 
program with extra curiosities, new information, new games, and different recipes. 
From their responses related to the Ability axis, 8 (80%) answered they consider the 
iTG easy to interact, and 2 (20%) answered they had a few problems to interact with 
it. Problems were usually related to starting the application and choosing options 
referred by uncommon remote control keys (e.g., color and special keys). 
5.5.1 Discussion 
The evaluations presented in this paper were an important stage in the design 
process because they supported the understanding of motivational issues that were 
present or missing in the designed prototype. The three evaluations complemented 
each other, addressing specific points, from different perspectives, indicating 
possible problems of interaction (achieving our “Goal 1”) and contributing to improve 
both the final application and the design process. For example, the evaluation 
conducted by HCI experts indicated possible problems of interaction and attention 
for the users (e.g., “The remote control requires high cognitive abilities”). These 
problems were reinforced in the evaluation with the prospective end-users (e.g., 
“Non-expert users will have difficulties to find uncommon remote control keys, e.g., 
the color keys”), and other new issues emerged, such as “Labels should be 




The evaluation with prospective end-users provided us information for achieving 
the “Goal 2” and showed a correct expectation from the professionals before design 
process – high motivation and a low ability (see Figure 5.3). Although users found 
the application intuitive and easy to use, they had initial difficulties to interact with 
the prototype, in parts because of their lack of experience with iDTV applications. 
On the one hand, after a few interactions, users got more comfortable with the 
application and started to explore it, visiting its different features; this was reinforced 
by their answers to the questionnaire that stated the application is easy to interact 
and would motivate viewers to watch the TV Show. On the other hand, when some 
users feel lost, they try change the channel, turn off the TV device, try many remote 
key options or visit parts of application randomly. In general terms, this evaluation 
indicated that the prototype was able to motivate novice users to interact with it and 
watch to the television program. 
As the answer to out “Goal 3”, the practices conducted according to the SAC 
perspective, favored the design of a prototype that is aware of the several iDTV 
challenges, including the technological ones and the diversity of the audience. The 
SAC holistic view, from the problem clarification to the prototype evaluation, allowed 
to deal with television problems (from technical to formal) and to propose an 
application that complies with technical questions and takes into account its target 
audience. The participatory activities, considering different stakeholders (e.g., 
designer, engineers, researches, and other stakeholders) encouraged the 
interaction among the participants and favored the existence of different views for 
the problem, where new solutions and ideas were contrasted and negotiated 
throughout the design process. For instance, the Fishing Game and the Poll were 
features that emerged from the design process (“Goal 4”) and generated 
controversy among workshop participants; nevertheless, they attracted attention 
from the users and pleased them. Because of its participatory and situated nature, 
the instance of SAC favored the design of features suitable to the TV Show (e.g., 
content and layout), and that motivated users during tests (“Goal 5”). This result 
suggests that the situated context favors the understanding of important aspects 
related to the values, habits, culture, needs, expectations, etc., from different 
stakeholders in the organization. These aspects would hardly be identified in a 




During the design workshops, a resistance from participants to add motivational 
issues in the iTG application was identified. There are high investments from the 
company for producing and engineering content in order to please the audience, but 
as the iDTV application is still an evolving technology, the company believes it 
requires caution when investing. 
5.6  Conclusion 
While the iDTV comes as a promise to face social barriers to access the 
participatory and universal access to knowledge, it also suffers from problems that 
are inherent and that discourages user to interact with television applications. In this 
scenario, applications that promote behavior change and motivate viewers to 
interact are welcome. Design initiatives that understand the context in which the 
problem is inserted, the interests of key stakeholders and diversified audiences can 
be a differential to motivate viewers to interact effectively with the TV. In this paper, 
we explored the Fogg’s persuasive approach on an iDTV application designed from 
a SAC (Baranauskas, 2009) perspective. 
The SAC approach generated an application with features in all motivational axes 
(motivation, ability and triggers), even without explicitly using any motivational 
artifact during the design process. In fact, most users responded positively to the 
questionnaire regarding their experience with the prototype. User also pointed out 
benefits in having an application that complements the television content. The 
analysis according to the FBM met the expectations for mapping motivational issues 
raised by the different evaluations and produced useful information for further 
design cycles. In future studies we intend to identify and adapt other persuasive 










Clarifying the Situational Context of a TV 




Television has experienced transformations that directly impact the TV companies’ 
production chain. In this sense, digital technology and Interactive Digital Television 
(iDTV) represent business opportunities in terms of investment spent by 
broadcasters. In this paper, we investigate the impact an iDTV application might 
have within a TV company by analyzing a situated context. To clarify the problem, 
we use the knowledge produced from workshops that were based on the Socially 
Aware Computing approach and that involved various stakeholders to design an 
iDTV application in a real context. The analysis is illustrated with the graphical 
representation of Ontology Charts and Norms projected for the observed 
organization. The findings indicate organizational changes that both suffer from and 
cause impact on the design of this kind of application. 
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6.1  Introduction 
Terrestrial TV has undergone transformations since its establishment. The first 
images were in black and white, with poor image and audio quality at the receiving 
end. Sometime after, analog TV won a new attraction: colors. Color TV was a 
dream of consumption for most viewers and boosted the reach of TV on society. 
The last major milestone has occurred with the arrival of Digital TV (DTV). DTV 
includes transmission and compression of digital signals, receiver processing 
capability and interactivity, thereby enabling Interactive Digital TV (iDTV) (Gawlinski, 
2003).  
During this migration process, broadcasters have to adapt constantly in order to 
both meet the technical needs and please an ever more demanding audience. 
Hence, the TV companies need to improve their production chain with new methods 
to produce their programming. Such investments require new business models that 
justify these changes and bring benefits to broadcasters as well as to the audience. 
In this sense, the investments on DTV and iDTV should be understood as an 
opportunity to explore the development of new applications, reorganization of 
television production chains, generating business and social transformations 
(Fernandes et al., 2004). 
In fact, TV is a highly social and pervasive technology — characteristics that 
make it a challenging and interesting field for investments. With the arrival of DTV, a 
new business model emerged, and later iDTV opened up a variety of possibilities for 
new services for TV (Rice and Alm, 2008). Cesar et al. (2008) also draw attention to 
TV’s potential social impact, and suggest research on iDTV that incorporates 
characteristics of viewers and everyday lives. For Kunert (2009), beyond better 
quality in audio and video, viewers can actually interact with the TV, creating a close 
communication channel between the viewer and the TV companies. Moreover, in 
order to bring viewers to TV, Pedrosa et al. (2012) consider the use of smartphones 
and tablets in the interaction with TV.  
However, the design of interactive applications could be considered a new 
component into TV companies’ production chains. While on the one hand, TV 
companies still do not have a culture of developing software systems, on the other 
hand, the software industry has no experience in producing TV programs. Thus, 




considers both the particularities of television production and the foundations of 
software development processes (Veiga, 2006).  
When the need to design a new technology for a company arises, it seems 
necessary to understand the context into which the system will be inserted, and the 
main forces that act on it directly and indirectly. Understanding the forces that 
govern organizational contexts and identifying ontological relations and norms is 
necessary for the system to make sense to the company and its various sectors 
(Liu, 2000). 
In this paper, we draw on the knowledge produced through workshops conducted 
in the practical context of a Brazilian TV company that is about to create its first 
iDTV application. The workshops were conducted in order to clarify forces that 
emerge within the practical context of this TV company towards the design of iDTV 
applications. The workshops were organized and conducted on the grounds of the 
Socially Aware Computing (Baranauskas, 2014) approach to design, Organizational 
Semiotics (Liu, 2000; Stamper, 1973) and Participatory Design (Schuler and 
Namioka, 1993). We discuss the main findings revealed from the study of 
Ontological Charts that were created from these situated workshops, and are 
grounded on Semantic Analysis Method (SAM) and the Norm Analysis Method 
(NAM). Our goal is to explorer how these methods can help us to understand the 
organizational context and also to anticipate organizational changes that might have 
an impact on future investments into the production chain and on the TV company’s 
way of doing business. 
The paper is organized as follows: Section 6.2 introduces the theories and 
methods that ground our work; Section 6.3 describes the practices conducted to 
support a situated and Participatory Design of iDTV applications; Section 6.4 
presents the Semantic and Norm Analysis to clarify the situational context before 
and after the introduction of iDTV applications in the TV company production chain, 
and presents and discusses the main findings. Section 6.5 presents our final 
considerations and directions for future research. 
6.2  Background of the work 
Organizational Semiotics (OS) understands organizations of people as complex 




wider complex system in which people behave according to an organized system of 
norms. For this, OS proposes a comprehensive study of organizations on different 
levels (informal, formal and technical), and their interdependencies. According to Liu 
(2000), organizations themselves are information systems, and the organizational 
functions in these different levels are essential for designing a technical information 
system for this organization. In the informal level, an organization is composed of 
social norms that drive people’s behavior, perceptions, beliefs, values, customs, 
habits, culture, etc. In the formal level, an organization has their own rules and 
bureaucratic procedures to do mechanistic and repetitive tasks. The technical 
system is a part of the formal level which can be automated. 
In order to facilitate a better understanding, development, management and use 
of information systems, a set of methods known as MEASUR (Methods for Eliciting, 
Analyzing and Specifying User’s Requirements) was developed in OS (Stamper, 
1973). In this paper, two of these methods inspired our analysis: Semantic Analysis 
Method and Norm Analysis Method. The understanding of the design problem in the 
situated context was supported by practices of Socially Aware Computing 
(Baranauskas, 2014). 
Semantic Analysis Method (SAM) is a method to understand the nature and role 
of affordances (invariant patterns of behavior) and agents (affordances that can take 
responsibility both for their own and other affordances) in business systems. A 
business system could be considered a real information system, which is infinitely 
complex, and only a part of it can be modeled: just a realization (or an instance) of 
patterns agents’ behavior. In practice, SAM focuses on the responsible agents and 
their repertoires of behavior. For this, the ontology chart maps the temporal 
relationships between the agent and affordances (Liu, 2000).  
Norm Analysis Method (NAM) is a means to specify the temporal patterns of 
behavior (the social, cultural and organizational norms) governing the agents’ 
actions in the business domain. Norms are linked to each part of the semantic 
model as the conditions and restrictions for the accomplishment of affordances. A 
norm can define responsibility for an agent occupying a certain role inside an 
organizational context and can specify conditions in which some agent can perform 
some action inside it. Norms have valid periods of existence and can be further 





Socially Aware Computing (SAC) (Baranauskas, 2014) is a socially responsible, 
participatory and universal approach to the design of systems. SAC draws on OS 
(Liu, 2000; Stamper, 1973) to understand the context in which the technical system 
will be inserted and the main forces that directly or indirectly act on it; and on 
Participatory Design (PD) (Schuler and Namioka, 1993) to involve heterogeneous 
groups of people, who may influence and/or may be influenced by the problem 
being discussed, and to understand the situated context.  
SAC understands the design of a system as incremental cycles that start from 
society and cross the informal and formal layers to produce a technical solution for 
an organization. The movement returns crossing the formal and informal layers 
alike, and impacting on the society; new incremental cycles may be necessary for 
the technical system to fit the needs of the organization. 
6.3  The Situated Study  
The study scenario is EPTV: a Brazilian broadcasting company whose program 
reaches a region in Brazil that includes 300 cities and more than 10 million citizens 
(EPTV, 2017). Four participatory workshops were conducted in the situated context 
of EPTV aiming at the design of an iDTV application for the TV program “Terra da 
Gente” (TdG; “Our Land” in English; (TdG, 2017)). Ten participants directly and 
indirectly involved in the problem domain (e.g., designer, engineers, researchers, 
TV program director and interns) participated in these workshops. 
The workshops were grounded on the SAC approach (Baranauskas, 2014), 
which was instantiated for the situated context of EPTV (cf. Figure 6.1). In this 
context, we used artifacts from and inspired by OS, such as the Stakeholders 
Identification Diagram (Liu, 2001), the Evaluation Frame (Baranauskas et al., 2005), 
and the Semiotic Ladder (Stamper, 1973), and created new practices for supporting 
participatory and situated design activities. The activities encompassed (see Figure 
6.1): A) the problem understanding, the proposal of solutions, and the analysis and 
organization of requirements for the application to be designed; B) Prototyping 
activities through an adapted version of the Brain Draw participatory technique; C) 
The materialization of the final prototype; D) Evaluations by representatives from the 
target audience, by Human-Computer Interaction specialists, and also in a 




the problem clarification, as well as to the design and evaluation of a prototype for 
an iDTV application. The interested reader may consult (Buchdid et al., 2014a), 
(Buchdid et al., 2014b) and (Buchdid et al., 2014c) for detailed results and 
discussions related to these activities. 
 
Figure 6.1. Situated instance of SAC’s meta-model for design 
In this paper, we use information raised from the discussions during these 
workshops with the EPTV team in order to illustrate the company’s organizational 
structure behind the TdG TV show. The intention is to show how the company is 
currently organized and uses efforts of several teams that influence and suffer 
influences from the TdG show to create a first iDTV application. Moreover, we 
wanted to prospect, according to the participants’ perspectives, which organizational 
changes in the company might arise from the introduction of an iDTV application in 
the TdG production chain. 
6.4  Towards Semantic and Norm Analyses  
The following text is a description of the EPTV company based on the shared 
knowledge constructed during the workshops with the EPTV team.  
EPTV is an affiliate of a large Brazilian broadcasting company. Currently, EPTV 




production, marketing and transmission of the TV company. EPTV consists of a 
group with four main stations, and with the support of several rebroadcasting 
stations, it can cover all its audience with digital and analog programming. EPTV, as 
well as other affiliates, produces several regional programs (journalism and 
documentaries) that complement the national programming provided by the parent 
company, and reaching the local audience and providing marketing opportunities to 
advertisers and sponsors in the region. EPTV competes with other TV companies in 
order to attract the audience. 
TdG is one of several programs produced by EPTV. TdG’s production team 
works with a cohesive team of editors, writers, producers, designers, technicians 
and journalists, among other staff members. In addition to the television program, 
the TdG team also produces a printed magazine and maintains a web portal. Both 
the magazine and the web portal serve as complementary sources of material for 
the TdG audience and support TV programs from the parent company. Each 
member has well-defined rules inside the TdG team. For instance, the Chief Editor 
is the person who coordinates the production team (e.g., editors, journalists, 
designers, etc.) of the television program, web portal and magazine. The graphic 
designer is responsible for the graphic art of the television program and the web 
portal, and will be responsible for the graphic art of the iDTV application. TdG’s 
team might also be engaged with financial issues such as making feasible the TV 
show’s production costs and minimizing risks raising funding for the program as 
advertisers and sponsors.  
After the program is produced, TdG has the support from the engineering team to 
transmit the program to its audience. The engineering team is responsible for 
technical aspects of transmission of several TV programs produced by EPTV, and 
also for the retransmission of television content that comes from the parent 
company. Engineering is also responsible for providing technical support (e.g., links 
between TV companies, TV programs produced for other affiliates) to distribute 
content among regional branches of EPTV, the parent company and other affiliates. 
Finally, engineering is responsible for entering data related to the local program, 
such as electronic programming guide (EPG), software updates and closed caption 
that complements the TV’s schedule and are broadcasted together. The 




run on several television receivers from different manufacturers. Any improper use 
might result in the TV signal not running properly or even blocking the receiver.  
EPTV works with other relevant teams, e.g., for managing the organization and 
for hiring staff, but those are out of the scope of this paper. Figure 6.2 shows the 
ontology chart created for the EPTV company representing the TdG TV show as the 
focal problem.  
When an iDTV application is introduced into a TV production chain, a 
development team is required in the TV company to develop the application in 
accordance with the programming languages defined by the Brazilian DTV standard 
(ISDB-Tb). For the application to use the interactive channel from connectivity 
companies, it is also necessary that this new team offers technical support for 
connectivity problems and management of data received from viewers. This team 
could be introduced inside EPTV as a separate department, as part of the 
production team or as part of engineering team. Moreover, it might be an external 
software company developing services for the TV company. Workshop participants 
suggested that the iDTV design team could be included into the production team but 
receiving support from engineering.  
 
Figure 6.2. Ontology Chart of EPTV representing the TdG TV show as the focal problem 
The engineering team also should propose novel technologies that can be 




relative market advantage. For instance, in the case of an iDTV application, 
engineering should evaluate solutions (e.g., programing language to be used, how 
to design the application, how to broadcast it) suitable to the organization’s 
necessities. For engineering, the development of an iDTV application should require 
resources for purchasing multiplexing and broadcasting equipment to transmit the 
application with the TV show content. Furthermore, engineering should allocate 
human resources to operate such transmission equipment and adjust transmission 
according to the norms from the parent company, e.g., technical norms. The 
engineering team must also adjust bandwidth for the application transmission, 
making sure it will not overload the total bandwidth available for the transmission of 
television content, which includes video, audio and other data types. The period in 
which the application should be transmitted should also be adjusted according to 
the duration of the TV show. Thus, the application and its transmission should be of 
easy operation. Once implanted, these activities may be automated to require less 
effort from the engineering team. 
The production team should consider that the insertion of an iDTV application 
might increase the TV show audience by people who like new technologies and 
innovations. Thus, the production team should conduct a careful analysis of the 
existing and potential future audience. If the iDTV application does not gain public 
acceptance, then it must be reformulated and not be transmitted together with the 
TV show. The production team must also produce the informational content of the 
iDTV application since it complements the current TV show. Similarly, a designer 
from the TV show should produce the visual iDTV application layout so that the 
application has the same visual identity as the TV show. The rationale to guarantee 
consistency between the TV show and the application is to promote integration, i.e. 
by stimulating viewers to access additional information about the show or answering 
quizzes about the show’s content.  
 The design of iDTV applications involves the allocation of additional resources 
(e.g., people and money), and this kind of application can introduce risks for the TV 
company since it is not yet fully consolidated in the market and does not have the 
full acceptance from viewers yet. Thus, the production team should analyze the 
viability to produce iDTV applications according to resources from the TV company.   
On the one hand, EPTV understands that producing iDTV applications is a 




of application in their schedules. On the other hand, some sponsors and advertisers 
might not want this type of application because it can distract viewers, reducing their 
attention to their ads. Finally, as the television content is dynamic, the application 
development process and the produced application should be easily customizable. 
Figure 6.3 shows the diagram with the partial Ontology Chart after inserting the 
design of an iDTV application within the chain of production for the TdG TV show at 
EPTV. The Ontology Chart is instantiated in the focal problem related to the 
production of the TdG TV show and the design of an iDTV application for it. 
 
Figure 6.3. Ontology Chart of EPTV after insertion of the design of an application iDTV  
New norms (previously cited, and shown in Table 6.1) that impact on these 
ontological relations emerged (see Figure 6.3). These norms should be analyzed by 
teams to identify the feasibility to produce the iDTV application. To make the 
dynamic part of the informational system explicit, the rules of behavior used in this 
paper are structured according to the behavioral norms format (Liu, 2000) 
“WHENEVER <condition> IF <state> THEN <agent> IS <deontic operator> TO 
<action>”. Table 6.1 shows some of these norms: the first column contains an 




Table 6.1. Some norms for EPTV after insertion of the design of an iDTV application. 
Refs Norm 
1 
Whenever “an iDTV application needs to be transmitted” if “it is associated with 
a TV Show” then “the engineering team” is “obliged” to “adjust bandwidth and 
transmission time according to the duration of the TV Show” 
2 
Whenever “an iDTV application needs to be transmitted” if “it cannot spend a 
lot of resources” then “the engineering department” is “permitted” to “facilitate 
or automate the transmission operation” 
3 
Whenever “an iDTV application is designed” if “it addresses a diverse target 
audience” then “the production team” is “obliged” to “carefully analyze the 
audience” 
4 
Whenever “an iDTV application is designed” if “it doesn’t have public 
acceptance” then “the production team” is “permitted” to “reformulate it or do 
not broadcast it together with the TV show” 
5 
Whenever “an iDTV application is designed”  if “there are high risks for the TV 
company” then “the production team” is “obliged” to “analyze the risks to 
design iDTV applications” 
6 
Whenever “an iDTV application is designed”  if “distract the audience in 
viewing ads” then “EPTV” is “permitted” to “ customize the iDTV application to 
prevent that this happens” 
7 
Whenever “an iDTV application is designed for TdG” if “it must be updated 
weekly according to the current TV show content” then “the production team” is 
“permitted” to “develop easy to use mechanisms for customizing the iDTV 
application” 
6.4.1 Synthesis of the Discussion 
EPTV workshops helped to understand in practice that to produce iDTV 
applications, the production chain requires efforts of several teams from the current 
broadcaster’s production chain. Actually, an iDTV application in a TV show changes 
the model of developing TV content, and teams are not fully prepared to deal with 
the changes adequately. In addition, the passive viewer becomes an active user 
with the arrival of iDTV and should be examined more cautiously. Leaving this 
responsibility to software companies may not be suitable because of the difference 
between the TV show and the application domains. Finally, market uncertainties 
and the viewer’s acceptance make it even more difficult to invest in resources for 
producing iDTV applications. Knowing the TV Company’s situated context was a 
first step to understand these challenges and to propose a design process for iDTV 
applications that make sense for its different stakeholders, including the final 
audience. 
The ontology and norms analysis performed to map out the organizational 




changes in the organizational structure of the TV company. New organizational 
affordances, agents, norms and ontological relations emerged. It also was possible 
to point out what and where these changes occurred, giving an indication of how 
they should be taken into account in the adaptation process for inserting the iDTV 
applications in the TV production chain. 
The ontology relations and norms were used in this paper to understand the 
situated context from a TV company, and some terms (e.g., EPTV and TdG) appear 
as realizations or instances of “universals” (a kind of a concept) and “particulars” (a 
concept). Although different from the proposed in the formal literature (Liu, 2000), 
these representations were useful to highlight organizational changes from a focal 
problem within the situated context of a company. 
Even though the norms and ontology analysis came from knowledge of the 
situated workshops, many of the findings pointed out by the analysis may inform 
other organizations with different organizational structures. 
6.5  Conclusions  
The development of a TV show can be seen as efforts of skilled individuals working 
in teams. Each element has an important role in the development phases of the 
program (Bonasio, 2002).  
In this paper, we analyzed in a situated context what impacts the insertion of an 
iDTV application might trigger in a TV company production chain. The findings 
indicate challenges that a TV company must face to restructure its internal 
production chain in order to support iDTV applications. In this sense, this study 
might be helpful to anticipate the impact that an innovation (e.g., a new model of the 
production process) can cause within the organizational system of the TV company. 
Furthermore, show the knowledge that emerges from an organizational analysis in 
situated context opens opportunities for future studies in the iDTV field, whether 
they either theoretical or fundamentally practical. 
As future work, we intend to develop a design process for iDTV applications that 
considers the needs of different teams that compose the TV company in order to 
propose a process that fits the reality of the TV company, and which also takes into 










Pro-iDTV: A SocioTechnical Process Model for 




TV is considered a pervasive social medium; with the arrival of digital technology, 
interactive Digital TV (iDTV) has come into existence, and TV usage has changed. 
On the one hand, these changes increase the TV’s potential in terms of its 
processing capacity, its connections with other devices, and its ability to connecting 
people to broadcasting companies in a two-way trade. On the other hand, these 
changes also increase the complexity of user interaction, as well as the social and 
technical challenges for designing solutions aligned with the demands of this new 
scenario. Broadcasting companies may not be prepared to include iDTV application 
design in their production chain, and there are few theoretical and methodological 
references that can help these companies and their teams in this task. This paper 
proposes a conceptual model in the form of the process model for iDTV (Pro-iDTV): 
a process for designing iDTV applications founded on a sociotechnical approach 
that uses principles of Participatory Design and Organizational Semiotics. The 
process also brings together knowledge from the fields of Human-Computer 
Interaction, TV production and software engineering. This process model was 
created and applied in the situational context of a Brazilian broadcasting company, 
providing a practical understanding of the real forces that govern the organization 
and the ability to tailor solutions to fit it. Results of this study suggest the viability 
and benefits of the Pro-iDTV for supporting the design of iDTV applications in a 
practical setting. 
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7.1  Introduction 
TV has played new roles inside and outside people’s home. Many of its social and 
technical aspects have changed over time, such as interaction types, usage places, 
device size, and connectivity. While TVs have become physically larger to provide 
more comfort to viewers and people in public places, some have also been made 
smaller in order to be embedded into different devices (e.g., cell phones) and to be 
watched privately in more locations. TV can now be used in more interactive ways, 
some of which involve gesture and voice (Basanta et al., 2017), and some uses now 
create multisensory user experiences (Ablart, 2017) such as those involving touch 
and taste, or tangible user interfaces (Wang et al., 2016). For Prata and Oliveira 
(2015), this new scenario brings changes in users’ preferences and concerns. As 
Jennes and Broeck (2017) report, the TV is also increasingly connected to the 
Internet and other devices, offering more possibilities of use. For instance, digital 
convergence has allowed players such as Netflix® to create services that offer 
content on a variety of devices. For Athanasiadis and Mitropoulos (2010), iDTV 
allowed the establishment of one-to-one relationships with personalized features 
(e.g., personalized advertisement), and it can be proved beneficial for all the key 
stakeholders. Most of these capabilities were possible only because of Digital TV 
(DTV) technology. 
DTV technology—which includes digital transmission, the receiver’s processing 
capacity, and interactivity channels—provides better audio and video quality and 
allows the TV medium to transmit other data types and interactive programs. This 
technology has led to the creation of interactive Digital TV, or iDTV (Gawlinski, 
2003). With advances in Web 2.0 and information and communication technology 
(ICT), DTV is now situated within a complex digital media environment that 
interconnects several devices and people in different physical spaces (Cesar et al., 
2008). However, Shokrpour and Darnell (2017) argue that, in this new scenario, the 
viewers are motivated to watch TV while performing other tasks and sharing their 
attention with other devices (such as smartphones, persons, the room around them, 
and food). 
Several technical and social challenges must therefore be addressed in the 
design of iDTV applications. From a technical perspective, designers should 




receivers’ processing limitations, reduced bandwidth speed, a lack of interactivity 
channels in some locations, and interaction via remote controls. Other challenging 
social issues should be considered, such as motivational, cultural, and relational 
aspects, sociability and human values, people’s lack of habits to interact with 
television, high user diversity, and the common presence of other viewers in the 
same physical space, to name a few (Piccolo et al., 2007; Kunert, 2009).  
As is common among emerging technologies, iDTV suffers from a lack of 
references, processes, and artifacts to support the design of new solutions (Kunert, 
2009). Since 2006, authors such as Veiga (2006) have argued that designing iDTV 
applications is a new activity in the production chains of some TV broadcasting 
companies. Recently, Arndt et al. (2017) argued that these companies still insist on 
a business model focused on broadcasting audio and video, and disregard the 
importance of working with new media such as iDTV applications, social media, and 
the second screen. 
TV show production requires efforts of teams working with well-defined roles—
e.g., director, producer, designer, and tasks—e.g., production, assembly and 
testing. Models for software development also present specific stages, e.g., 
requirements analysis, design, development, evaluation, and roles, such as 
designer, developer, and tester. Although they seem compatible, Veiga (2006) 
argues that TV production chain and software development models are not 
sufficient for the design of iDTV applications because there are both gaps and 
overlaps between these two models. Non-technical issues, such as social and 
cultural factors, are not explicitly in the models. Therefore, iDTV applications should 
be created from the perspective of a new process model that considers both 
software engineering and TV production process models.  
In this context, this paper introduces both a conceptual model and a new design 
process model, named the Pro-iDTV (process model for iDTV), has emerged from 
this conceptual model. The conceptual model and Pro-iDTV support a situated 
design of iDTV applications: a design performed in immersion and embedded in real 
scenario (i.e., the socioeconomic and cultural reality of a social group or 
organization). The Pro-iDTV and its conceptual model draw on HCI, software 
engineering and TV production process, and they are theoretically and 
methodologically grounded in the concept of Socially Aware Computing 




Design, or PD (Schuler and Namioka, 1993); other references such as design 
patterns (Kunert, 2009) and persuasive design (Fogg, 2009) were also considered. 
At the core of our conceptual model and process model is a sociotechnical 
perspective that recognizes the need to understand the broadcasters’ production 
chain in a situated context (a real scenario in which the design is embedded), as 
well as to involve representatives from the different parties of interest throughout the 
process. As an instance of our conceptual model, the Pro-iDTV has been developed 
and evaluated in the real context of a Brazilian broadcasting company. This paper 
presents the process model, its theoretical and methodological foundations, a set of 
artifacts and methods adapted or created to support the different design stages, and 
a practical case study in which the process was applied to support the design of an 
iDTV application in a real setting. Results suggest that the process model is 
effective for supporting the situated and Participatory Design of iDTV applications, 
and that it makes sense to different stakeholders and to the organization in which it 
is inserted. The results also indicate the viability of the process model in the real 
context of a TV broadcasting company in terms of its instantiation, usage and 
outcomes. 
This paper is organized as follows: section 7.2 presents the research context. 
Section 7.3 presents the theoretical and methodological background of the 
research. Section 7.4 presents and explains the conceptual model and the Pro-iDTV 
for designing iDTV applications. Section 7.5 presents a case study in which the 
process was applied in a situated context. Section 7.6 presents and discusses the 
main findings, while section 7.7 presents the final remarks on the study and 
suggestions for future research. 
7.2  Context 
Based on a literature review (Buchdid and Baranauskas, 2014), we identified that 
existing studies usually consider knowledge on three types of processes for 
developing iDTV applications: software engineering processes, HCI design 
processes, and television production processes. 
Several studies in the literature have addressed HCI issues associated with iDTV 
applications. Chorianopoulos (2004) investigated existing contributions to user 




television application for iDTV. Piccolo et al. (2007) proposed accessibility 
recommendations for iDTV software applications. Rice and Alm (2008) proposed 
interactive PD practices to support the design of iDTV solutions for elderly viewers. 
Kunert (2009) proposed a set of design patterns for iDTV that focused on usability 
issues. Collazos et al. (2009) described a set of principles to follow, when designing 
iTV applications, and described heuristics to be applied when evaluating iDTV 
applications’ usability. Meanwhile, Bernhaupt et al. (2010) used the cultural probes 
technique to conduct ethnographic studies to understand viewers in terms of 
personalization, privacy, security, and communication within the context of TV 
media. Solano et al. (2013) applied several usability evaluation methods to evaluate 
iDTV applications, and based on the effectiveness and efficiency of these methods, 
proposed a methodology to evaluate the usability of iDTV applications. Widyanuri 
and Octavia (2015), in turn, used PD throughout the design process with six elderly 
people for designing an interactive television user interface for elderly people in 
Indonesia.  
Several different tool have also been proposed in the literature. Pequeno et al. 
(2010) presented the FrameIDTV, a framework that supports the reuse of software 
components to reduce production costs. Fernandes et al. (2011) proposed an 
authoring tool named ITVnews: an environment to reduce the complexity of iDTV 
software programming, making it possible for TV production crews to create 
interactive applications without depending on IT professionals. Finally, Fu (2016) 
used a goal-oriented method—a kind of method based on user goals, motivations 
and behaviors—to design the remote control and the TV software for a Smart TV.  
Other studies have combined software engineering and television production 
processes, and some have included initiatives that adapt techniques from traditional 
software engineering and agile methods to produce interactive programs within the 
broadcasting companies’ production chain. Gawlinski (2003) proposed a process 
based on traditional methodologies from the field of software engineering (the 
waterfall model). Veiga (2006) suggested an agile approach based on SCRUM and 
XP to produce iDTV programs (TV shows with audio, video, and software 
elements). The approach attempts to bring users or clients (who may be TV 
producers) closer to the development team. Similarly, Neto and Ferraz (2013) 
proposed the eXtreme Digital Television (XDTv) method, which incorporates 




In most cases, the literature considers hypothetical situations and environments. 
Studies considering the production processes of real broadcasting companies are 
still rare. 
On the one hand, studies usually propose a design process for iDTV applications 
that considers the intersection between software engineering and television 
production processes, neglecting knowledge and methods from HCI or and failing to 
consider HCI issues at specific stages of the design process. On the other hand, 
studies on HCI usually consider users in their leisure places or in their homes, and 
do not take into account software engineering methods or TV production processes 
employed by broadcasting companies. We argue that the knowledge from these 
three fields must be combined so that human, organizational, and technological 
aspects can be effectively identified and treated (see Figure 7.1). 
 
Figure 7.1. Intersections between iDTV application design processes. 
The conceptual model and Pro-iDTV contributes to the literature by bringing 
together these three fields from a sociotechnical perspective and from different 
stakeholders’ point of view. It recognizes the importance of software engineering 
methods, the challenges and demands of television production processes, and 
principles and practices of HCI, such as concerns over the end-user and different 
stakeholders throughout the design process. 
7.3  Theoretical and Methodological Foundation 
Socially Aware Computing (SAC) is an approach to interactive computing design 
that supports designers in understanding the organization for which an innovation 




regard to its different stakeholders (Baranauskas, 2014). SAC is grounded on 
Organizational Semiotics (Liu, 2000) and PD (Schuler and Namioka, 1993) so that a 
given problem may be understood at different levels of abstraction and formalism in 
a socially responsible way, thus recognizing the forces that act over the problem 
from the perspectives of different stakeholders. 
Organizational Semiotics theory understands organizations (e.g., groups of 
individuals, companies, countries, or societies) as complex social systems 
organized by a system of languages, signs, and norms. This theory supports the 
study of organizations on informal, formal, and technical levels, considering their 
interdependencies. For Stamper (1988), the informal level is composed of social 
norms that drive people’s behaviors, values, habits, and cultures. The formal level 
represents a given organization’s rules and procedures for repetitive tasks. Finally, 
the technical level represents a part of this wider complex organizational system 
that can be automated by a computational system (e.g., iDTV applications). 
Considering these three levels, SAC proposes an iterative and incremental 
design process as a cyclical movement to understand the organization 
comprehensively in order to build a technical system. This movement starts in the 
society and progresses through the organization’s informal and formal layers to 
understand the context of the information system and the main forces that act upon 
it. Once an increment of the technical system is produced, the movement comes full 
circle, impacting formal and informal layers alike (see Figure 7.2). Consequently, the 
system designed has the potential to make sense to its audience and the 
organization it was designed for. Each design cycle generates information that 
serves as inputs for further iterations of the design process. 
 





SAC combines a systemic view provided by Organizational Semiotics with 
concepts and practices from PD. Originally, the goal of PD was to give workers the 
right to participate in design decisions involved in new technology in the workplace 
(Müller et al., 1997). In order to promote conditions for user participation during the 
design process, it makes use of simple practices that require fewer resources (e.g., 
pen and paper). All of the people involved in the design practice can contribute, 
regardless of their position in the organization or society. In order to understand the 
organization’s situational context and the solution to be designed, the SAC 
approach recommends bringing together representatives of different and 
heterogeneous groups of stakeholders who influence and are influenced by the 
problem and its solution. 
The SAC approach includes theories, artifacts, and methods that are idealized 
and reinvented in participatory practices throughout the design process to engage 
participants in semio-participatory workshops—participatory practices within the 
systemic view of Organizational Semiotics. This way, the design is more likely to be 
socially responsible, participatory, and for all, both as a process and as a product 
(Baranauskas, 2013).  
In iDTV studies, SAC has been used to propose requirements and 
recommendations for the creation of applications (Piccolo et al., 2007) and of 
physical interaction devices (Miranda et al., 2010), as well as to support the 
consideration of values and culture during the design process (Pereira et al., 2012). 
In this paper, we draw on SAC to propose the Pro-iDTV as a situated and 
Participatory Design process for iDTV applications. This process encompasses a 
set of practices created or adapted to support design within a broadcasting 
company facing the aforementioned challenges. Therefore, we also considered 
ideas and instruments from design patterns for iDTV applications (Kunert, 2009) 
and from persuasive design (Fogg, 2009). 
Originally applied in the field of architecture, design patterns were proposed to 
capture the essence of successful solutions to recurring problems of architectural 
projects in a given context (Alexander, 1979). Design patterns are intended to guide 
designers toward solutions based on the fact that other designers already have had 
a similar problem and have proposed successful solutions for it. Currently, design 
patterns have been used in other fields, including software engineering (Gamma et 




In the HCI literature, Sousa et al. (2006) identified a set of usability patterns for 
interactive iDTV tasks, and Kunert (2009) proposed a pattern collection for usability 
in the design of iDTV applications. Kunert (2009) offers a collection comprised of 35 
design patterns that represent interaction problems at a low level of abstraction 
(e.g., when to use the remote control’s color keys). Design patterns are categorized 
into 10 groups of interaction problems with a high abstraction level (e.g., page 
layout, navigation projects, and remote control buttons). 
Finally, motivational issues are a key aspect in the design of iDTV applications. 
The literature has suggested several factors that may discourage viewers from 
interacting effectively with iDTV applications (e.g., remote control limitations). 
Persuasive design has received increased attention from researchers interested in 
motivational issues. For Reeve (2009), motivation emerges from internal needs or 
from external influences that stimulate the person to perform tasks. In addition to 
motivational issues, Fogg (2009) proposes that, to achieve a target behavior, people 
must have sufficient ability (a factor related to simplicity in design) and should be 
reminded by a trigger (i.e., something that invites/incites people to perform the 
behavior). 
Designing solutions that motivate users to interact with the iDTV is both a need 
and a challenge. In this study, we draw on the Fogg Behavior Model (Fogg, 2009) to 
determine how to incorporate motivational factors in design practices. This model 
considers HCI concepts, such as usability, as well as changes in behavior (e.g., 
motivation versus ability). 
The next section introduces and explains the Pro-iDTV approach according to its 
main components and characteristics, such as its principles, artifacts, movements, 
and participatory practices. 
7.4  Conceptual Model and Process 
The conceptual model proposed herein draws on the SAC approach by considering 
the informal, formal, and technical layers of information. The waves in Figure 7.3 
suggest an incremental process that crosses the three semiotic levels (informal, 
formal, technical) for each process movement (e.g., Problem Clarification, Design 
Solution, etc.). The sequence of waves will characterize the problem and produce 




prototype, and iDTV application. Thus, as the waves move, the solution moves 
closer to the technical system. 
 
Figure 7.3. The conceptual process model 
The conceptual process model starts with an initial movement to anticipate 
problems and think of solutions (i.e., problem clarification), going from left to right to 
the next process movements. 
Conceptual process model movements require knowledge of the three levels of 
the semiotic onion (informal, formal, and technical) in different intensities depending 
on the design movement. For example, as Figure 7.3 shows, although the first 
movement (the “M1” detail in Figure 7.3) involves more informal knowledge than 
formal and technical knowledge, knowledge from all layers of the onion are 
involved. During the last movement (the “M4” detail in Figure 7.3), more technical 
knowledge is required, and we are closer to the technological solution. 
7.4.1 Principles 
The conceptual process model inherits core principles from SAC (Baranauskas, 
2009), specializing them within the context of iDTV. The principles can be 
summarized as follows: 
A “problem” is the starting point of our conceptual process model. The conceptual 




stakeholders to investigate solutions for it. As the design moves along the model, 
this problem is clarified feeding new movements. 
Organization’s constraints are respected. The conceptual process model places 
design within the socioeconomic and cultural context of the organization in question, 
which has rules, values, beliefs, and norms that must be respected. 
The conceptual process model recognizes all of the parties involved. It makes 
use of a lingua franca to allow different parties to understand each other, regardless 
of their role in the organization, the extent of their technical knowledge, or their 
points of view, with a focus on a systemic view of the design of interactive systems. 
Designing an iDTV application is considered as a co-construction among the 
parties involved. The conceptual process model recognizes that all stakeholders 
can use their creative competency and can be responsibly involved in design 
solutions. 
A facilitator conducts the process. Workshops and activities within the process 
must be organized and conducted by one or more people in the role of a facilitator. 
Conceptual process model define that the facilitator should study the resources that 
can be applied to each process movement, organize and choose the activities, 
coordinate individual and participatory activities, decide which artifacts and 
techniques to use in each participatory workshop, consolidate the results, and 
summarize them for the other participants. 
Collaborative and individual activities complement each other throughout the 
process. Conceptual process model define that collaborative activities guide the 
actions of specialists in their individual activities. For example, a participatory 
prototyping activity produces a prototype draft to be refined by experts carrying out 
their individual activities. Individual activities usually take place after participatory 
workshops, building on results and producing new results for forthcoming 
workshops. For example, a functional prototype resulting from an individual activity 
is used within participatory practices to evaluate design decisions in the early 
stages. 
The sequence of activities is not linear.  Sequence of activities can move forward 
and backward depending on the results. Each activity can be performed by 
specialists individually or in groups, or by everyone within participatory workshops. 
Artifacts and techniques are used to mediate the co-construction of knowledge. 




and collaborative communication between the parties and must make sense to 
those involved. 
7.4.2 The Pro-iDTV Process 
The Pro-iDTV process is an instance of the conceptual model presented previously. 
In this subsection, we present the process workshops and activities, its artifacts, 
and the movements. 
7.4.2.1 Process Workshop, Activities, and Participants 
The proposed process combines workshops with different activities grounded on 
knowledge from software engineering, the television production process, and HCI. 
The participatory workshops must have well-defined goals and purposes. The 
practices within each workshop should optimize participants’ time. For instance, 
wherever possible, it is useful to offer a starting point for the participants, enriching 
the artifacts with knowledge and results from previous workshops. Additionally, the 
facilitator should summarize the previous activities and results for the participants. 
A tentative process must be presented to the participants in the very first 
workshop to ensure that interested parties agree on workshops and individual 
activities being planned. Participatory activities must be organized with well-defined 
schedules, required inputs and expected outputs, people involved, the resources 
required, and so on. The same applies to individual activities that must be 
performed between workshops.  
Selecting participants and organizing participatory workshops may be challenging 
tasks that require experience and knowledge on the context of the design. Because 
the iDTV design context includes many different stakeholders with different 
demands and interests (e.g., economic, social, and political), it is critical to work with 
a heterogeneous group of participants that represent different stakeholders. Ideally, 
participants should represent the technical, formal, and informal aspects of the focal 
problem. In the iDTV context, stakeholders with expertise at the technical level are 
engineers and technicians who are directly interested and who will contribute to and 
influence technological issues. At the formal level, stakeholders are producers of TV 
content and programming, as well as journalists and graphic designers. Finally, the 
informal level stakeholders are the viewers who will interact with the designed 
application (i.e., the end-users) or just watch the TV in which the application is being 






The Pro-iDTV proposes a set of artifacts to mediate the design process and 
encourage the co-construction of knowledge. In this study, some artifacts were 
selected from the literature and others were adapted or created to promote 
participatory practices from a sociotechnical perspective. Three examples of 
existing artifacts are the Stakeholder Identification Diagram and the Semiotic Ladder 
from Organizational Semiotics (Liu and Li, 2014), as well as the Evaluation Frame 
from the SAC approach (Baranauskas et al., 2005). 
The Stakeholder Identification Diagram (Liu, 2001) facilitates the identification of 
different parties interested or involved in a particular design process. Beyond the 
usual classes of stakeholders (e.g., user, client, manager), the artifact encompasses 
other stakeholders by considering five different categories of people who influence 
or are affected by the prospective system in different layers (operation, contribution, 
source, market and community). From people in operational roles to the community 
at large, each stakeholder category represents different “information forces” 
affecting the problem and solution. 
 The Semiotic Ladder (Stamper et al., 2000) supports the identification and 
organization of requirements related to different levels of signs, favoring a better 
balance between technological and human issues. It considers six levels that 
represent different aspects of signs. The first three levels involve technological 
issues (the physical, empirical, and syntactic aspects), and the other three levels 
address aspects of human information functions (semantic, pragmatic, and social 
worlds). 
The Evaluation Frame supports discussions about problems and ideas affecting 
each group of stakeholders (Baranauskas et al., 2005). The artifact encourages the 
prediction of issues that may impact or influence the solution to be designed 
according to the point of view of different stakeholders. 
More specific to the iDTV context, we created and adapted other artifacts to 
promote participatory activities. Grounded on Kunert’s (2009) design patterns 
collection, we created a set of cards to promote collaborative discussions about the 
iDTV domain as well as its constraints and possibilities during design activities 




technical constraints to the participants, to justify design decisions, and to support 
pattern identification and selection. 
Other artifacts are used by participants during the process. Prototypes and iDTV 
applications must be created by design teams to make concrete solutions based on 
the ideas from the workshops. Questionnaires may also be applied to evaluate 
prospective end-user comprehension and satisfaction with the iDTV application 
being designed, as well as participants’ expectations about the development 
process. 
 
7.4.2.3 Pro-iDTV Movements 
The Pro-iDTV encompasses four different movements supported by different 
workshops, activities and artifacts. Each movement involves analysis (problem 
investigation), synthesis (construction of ideas), and evaluation (investigation of the 
solution generated), and each movement has its own consequent inputs and 
outputs. See Figure 7.4. 
 
Figure 7.4. Pro-iDTV Movements 
1. The Problem Clarification movement (see the “M1” detail in Figure 7.4) starts 
the process. First, participants are introduced to each other, and goals and activities 
are defined for the movement. After that, a set of practices is conducted to clarify 
the problem and the situated context. The focus is to identify the main stakeholders 
involved, their interests and possible conflicts, the resources available, and any 
limitations, as well as preliminary functional and non-functional requirements for the 




of stakeholders, list of problems and solutions regarding different stakeholders, 
preliminary application requirements and project risks. 
2. In the Design Solution movement (see the “M2” detail in Figure 7.4), the 
solutions are synthesized from results of the previous practices and any remaining 
issues are raised in participatory workshops and specialists’ activities. Collaborative 
activities generate design ideas—in most cases, the initial version of the prototype 
is a sketch created based on the participatory practices. A functional prototype is 
then developed by a specialist (analyst and developer). This step allows for the 
early evaluation of the iDTV application. Input: application requirements and a list of 
risks. Output: An artifact that represents the solution proposed. It encompasses the 
ideas for the iDTV application still on paper, as well as functional prototypes with a 
well-defined layout. 
3. In the Software Development movement (see the “M3” detail in Figure 7.4), the 
iDTV application is implemented by specialists from the prototype, and redesign 
suggestions from the previous movements (e.g., evaluations) are considered. Input: 
application requirements, prototype, and ideas for improvements. Output: An artifact 
(iDTV application) that represents a solution that has been proposed, created, and 
evaluated. 
4. The Deployment movement (see the “M4” detail in Figure 7.4) involves efforts 
to adapt the iDTV application to the TV environment and the production chain. It 
also involves testing the integration of a digital signal, as well as some application 
customizations in order to fit it within the TV production process. Input: iDTV 
application resulting from the previous movements. Output: iDTV application fitted 
within the TV production chain. 
In early process movements, there are usually more participatory activities with 
people from different fields (TV production, HCI, and software engineering) to 
explore different points of view and types of expertise. When closer to the technical 
solution, more specialist actions on TV and Software Engineering are fundamental 
to make the design, implementation, and transmission of the iDTV application within 
the TV show. In the Problem Clarification movement, different areas of knowledge 
(TV production, HCI, and software engineering) are explored, usually involving 
participants from different areas discussing the challenges to be faced in the 
different design stages. Design Solution involves more HCI knowledge and 




knowledge and specialist activities. Deployment involves more knowledge on TV 
than on HCI and software engineering, and it usually requires the help of specialists 
in engineering and telecommunications. 
Results are evaluated at the end of each movement. In the Problem Clarification 
movement, evaluation activities involve risk analysis by the TV station’s specialists 
(e.g., engineers and technicians), and consider the feasibility of the investments 
required (e.g., equipment and personnel) as well as the integration between the 
iDTV application and the TV show’s production chain. The Design Solution 
movement addresses the compliance of the solutions proposed with iDTV design 
patterns, and evaluation activities performed with workshop participants and 
prospective end-users. The Software Development movement evaluates the 
solution from a technical perspective—for instance, by testing the iDTV application 
with different brands of receivers. From a social perspective, it evaluates the 
solution with prospective end-users. In Deployment movements, the evaluation may 
consider acceptance by the TV show’s audience. 
7.5  Case Study 
This case study was carried out in a Brazilian TV broadcasting company known as 
EPTV (a Portuguese acronym for “Pioneer Broadcasting Television Stations”). 
Affiliate of the largest Brazilian broadcasting company, EPTV’s programming 
reaches more than 10 million citizens living in a microregion of approximately 300 
cities. The channel is broadcasted in the Brazilian states of São Paulo and Minas 
Gerais (EPTV, 2017). 
EPTV plans to gradually add interactive content to its various programs in order 
to increase viewer interest. The very first program EPTV selected for the 
incorporation of an interactive application is the Terra da Gente (TdG) TV show 
(“Our Land” in English). The TdG TV show explores local floral and faunal diversity, 
traditional music and food, and nature-related activities such as sport fishing. In 
addition to the TV show, the TdG team produces a print magazine and maintains a 
web portal (TdG, 2017). 
Lasting 7 months, the case study aimed to develop an iDTV application for the 




group of 10 stakeholders from both within and outside the organization took part in 
the workshops and design activities. 
Chief Editor: manages the production team (e.g., editors, content producers, 
journalists, and designers) of the TV show, magazine, and web portal. He 
understands the company’s production chain. 
Graphic Designer: responsible for the graphic art of the television program and 
the web portal. He would be responsible for the graphic art of the iDTV application. 
Operational and Technological Development Manager: manages the new 
technology department. 
Supervisor of Development and Projects: manages the staff during deployment of 
new technology. 
Technological and Operational Development Engineer: responsible for 
infrastructure, content production, and distribution. 
Technological and Operational Development Technician: responsible for the 
implementation, support, and maintenance of production systems and content 
distribution. 
Intern: an engineering student who is gaining experience at EPTV. 
Computer science researchers: Three people with background in HCI were 
responsible for preparing and managing activities. They also participated in the 
workshops by exposing ideas and enriching discussions. 
7.5.1 Pro-iDTV at EPTV 
In the very first participatory activity at EPTV, participants introduced themselves 
and their role within the organization, their experience with iDTV applications, their 
ideas for the role of the application within the TV show, their general impressions of 
existing iDTV applications, and their expectations and interests regarding the design 
process to be performed on the following months. No participant had experience in 
designing iDTV applications, and half of them had never used or seen iDTV 
applications before. 
In Figure 7.5, the activities labeled as SA (in blue) were performed by at least one 
specialist. The activities with the PA description in green were conducted in 
participatory workshops. The A, B, C, D, and E details (in red) show the artifacts 





Figure 7.5. The Pro-iDTV instantiated at EPTV 
For the Problem Clarification movement, we proposed two participatory activities 
to make the analyses (stakeholder identification and problem and solution 
identification activities) and one for the synthesis (requirement identification activity). 
An activity was proposed to evaluate the results (risk analysis activity) — see details 
in Table 7.1. 
Table 7.1. Activities proposed in the Problem Clarification movement 
Activities proposed for Problem Clarification 









SID previously filled in from  
the literature 







Brainstorming to clarify important 




SID from previous practice 
and empty EF 
EF filled in collabo-
ratively with prob-





Brainstorming to organize the material 
produced from the previous practices 
in order to clarify the requirements for 
the iDTV application to be created. 
Semiotic 
Ladder (SL) 
SL previously filled in with 
requirements identified from 
SID and EF practices and 
from the literature 





Analyses to evaluate infrastructure, 




List of requirements, iDTV 
solution (prototype) 
List of risks  Evaluation 
 
The stakeholder identification activity (detail “1” in Figure 7.5) used a poster with 
the Stakeholders Identification Diagram (see “Artifacts” subsection of the section 
7.4) to encourage a participatory identification of the stakeholders interested in the 




notes representing possible stakeholders for iDTV applications. The output was the 
diagram reflecting the stakeholders determined by the participants to be involved in 
the problem.  
In a problem and solution recognition activity (detail “2” in Figure 7.5), a poster 
with the Evaluation Frame (see “Artifacts” subsection of the section 7.4.2.2) was 
used to organize the problems and solutions identified by the participants. As input, 
participants used their practical knowledge about the domain and about the 
stakeholders who had been previously identified. The output was the frame filled 
collaboratively with predicted problems and the solutions suggested for different 
stakeholders’ issues.  
The requirement identification activity (detail “3” in Figure 7.5) used a poster with 
the Semiotic Ladder artifact (see “Artifacts” subsection of the section 7.4.2.2) to 
allow for the identification and organization of requirements in a participatory way. 
Input: a poster with the artifact previously filled with sticky notes describing 
requirements identified through the Evaluation Frame. Output: a poster with the 
artifact revisited and reorganized with a list of requirements for the iDTV application 
being designed. 
The risk analyses (detail “4” in Figure 7.5) were made by the broadcasting 
company largely to confirm factors involving infrastructure, maintenance, and return 
on investment. For the deployment of any new technology, investments are required 
in the form of broadcasting equipment and staff to design and maintain it. It also 
demands investigations to determine the interests of the company or the program’s 
sponsors regarding iDTV applications within the TV show. In this case, the iDTV 
application must respect the company’s constraints, and premises and should be 
customized to meet the sponsors’ interests and make application operations more 
affordable. Input: initial problems, ideas for solutions, and a list of requirements for 
the iDTV application. Output: a risk list with changes, improvements, and 
customizations.  
The Design Solution movement has two design waves. In the first wave, two 
participatory techniques were created and applied: participatory pattern cards (for 
analysis) and pattern-guided braindrawing (for synthesis) (Buchdid et al., 2015). 
These techniques where combined with the brainwriting technique (VanGundy, 
1983). A pattern checklist was proposed for the evaluation. Activities are 




Table 7.2. Activities proposed in the Design Solution movement 
 Activities proposed for Design Solution  























Pattern Cards  
Brainstorming to show iDTV 
potential and limitations, and 
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Set of 34 cards 
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A subset of patterns that 





ducted to generate ideas for 
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information and functionali-
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Paper 
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the TV show applica-
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A list of the main func-
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Different collaborative UI 
proposals and a final 
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Previous Arti-
facts and First 
Version of the 
Prototype 
All of the material 
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previous practices 
Previous material pro-
duced, list of changes 





Consolidation of design 
ideas and subsequent proto-
type creation 
Prototype Ideas 
and List of 
Adjustments 
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prototype ideas and 
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tive analysis and discussion 





 Problems and sugges-





Evaluation by prospective 
users 
Prototype  Interactive prototype  




The pattern-guided brainstorm activity (detail “5” in Figure 7.5) was conducted in 
an application of the participatory pattern cards technique to support the selection 
and use of design patterns for iDTV applications. The Participatory Pattern Cards 
technique was applied to support discussions about the limited resources and 
technology of the iDTV domain and to inspire design ideas for the project. As the 
input, participants received a set of 34 cards representing Kunert’s collection of 
patterns, as well as the material produced in previous activities (e.g., a brief 
description of the design problem and a list of requirements). As output, participants 
selected a subset of patterns for potential use in the application. 
For the solution proposals, brainwriting (VanGundy, 1983) was conducted as a 
cyclical brainstorming session to generate ideas and to get perspectives from the 
various participants regarding the system being built—detail “6” in Figure 7.5. The 
technique generates ideas for system features in a parallel way, promoting inclusive 
participation without inhibition from other participants. As input, participants received 
a sheet of paper to write their ideas on. As output, different ideas were proposed 




For the prototype cycling activity, the pattern-guided braindrawing (Buchdid et al., 
2015) was applied—see detail “7” in Figure 7.5. The activity is an adapted version of 
the braindrawing concept presented by Müller et al. (1997) that aims to ally the 
benefits from PD and design patterns to generate ideas for iDTV application user 
interfaces. As input, participants received a sheet of paper and colored pens, and 
they had access to all the material produced in previous activities, including the list 
of requirements and the subset of patterns selected in the pattern-guided brainstorm 
activity. As output, different proposals for user interfaces were created, and a final 
proposal was developed by the participants. 
For the evaluation, the pattern checklist evaluation (detail “8” in Figure 7.5) was 
applied. Based on Kunert’s (2009) collection of patterns and on technical solutions 
(the prototype or iDTV application), the evaluation was conducted by an HCI expert 
to point out inconsistencies between the iDTV application and the pattern collection. 
The input was the technical solution and Kunert’s collection of patterns. The output 
was a list of iDTV application portions that did not comply with the pattern collection. 
From the second Design Solution wave, activities were proposed for analysis 
(specialist refinement), synthesis (prototype redesign and creation), and evaluation 
(participatory situated evaluation and user evaluations). Activities are summarized in 
Table 7.2. 
For specialist refinement (detail “9” in Figure 7.5), refinements of the material 
produced in the previous activities and some redesigns based on the pattern 
analysis were conducted. Input: all of the material produced in previous activities. 
Output: a list of ideas for improvements to the artifacts and iDTV application.  
For prototype redesign and creation (see details “10” and “11” in Figure 7.5), 
design improvements were proposed and a functional prototype was created based 
on the results from previous participatory workshops and specialist activities. The 
prototype was created by IT experts and developed on a web platform. Input: a list 
of requirements and ideas for improvements to the iDTV application. Output: the 
functional prototype. 
For evaluation, a participatory situated evaluation practice was proposed and 
applied (Buchdid et al., 2015)—detail “13” in Figure 7.5. The practice is an adapted 
version of the thinking aloud method (Lewis, 1982) that aims to encourage a 




interactive prototype. Output: a list of suggestions created by the participants with 
interaction and user interface problems and suggestions for improvements. 
User evaluations are required in different movements of the design process 
(details “12” and “17” in Figure 7.5). The thinking aloud method (Lewis, 1982) was 
used for participants speak aloud any words in their mind as they complete a task. 
Test sessions were recorded so that HCI experts can go back and refer to what 
participants did and how they reacted. Participants were encouraged to say what 
they are looking, thinking, doing, and feeling. In Design Solution movement 2, the 
prototype was evaluated by users, while in more advanced movements, the first 
version of the iDTV application was evaluated. Thinking aloud method gave 
observers discernment into the participant’s cognitive processes related to usability 
aspects and consider interaction problems, layout issues, adaptability to TV show 
content, acceptance, and motivational aspects. Activities were conducted by HCI 
experts who focused on users’ motivational issues while they were interacting with 
the iDTV application. HCI specialists analyzed the interaction with the 
prototype/application according to three factors (motivation, ability, and triggers) and 
their subfields (pleasure vs. pain, hope vs. fear, social acceptance vs. rejection) as 
proposed in the Fogg Behavior Model (Fogg, 2009). Input: users interacting with the 
prototype. Output: a list of interaction and interface problems, as well as 
suggestions and solutions to the reported problems.  
After user evaluations, questionnaires based on the Fogg Behavior Model were 
applied. The questionnaires were used to map the participants or prospective users 
in terms of: i) the profiles of the workshop participants and prospective users; ii) the 
deployment/use of an iDTV application in a TV program; and iii) user impressions 
regarding motivational issues associated with the iDTV prototype/application 
produced in different movements. As input, the participants received questions to be 
answered. As output, the questionnaires were used to map the participants’ 
impressions on motivational issues associated with the use of an iDTV application 
together with TV show. 
For the Software Development movement, activities were proposed for analysis 
(refinement brainstorming sessions), synthesis (application project and 
implementation), and evaluations (users’ and technical evaluations). The activities 




Table 7.3. Activities proposed in the Software Development movement 
Activities proposed for Software Development 
Practice Description Artifacts Input Output Stage 
Refinement 
Brainstorms 
Brainstorming to propose 







All of the material 
produced in the previ-
ous practices 
List of changes 
and new features 
Analysis 
Application Project and 
Implementation 
Apply improvements and 





type and list of im-
provements 
iDTV Application Synthesis 
User Evaluations 




iDTV application  
List of problems 
and improvements  
Evaluation 
Technical Evaluation 
Evaluation to determine 
the application’s compli-
ance with standards and 








The participatory refinement brainstorming sessions (detail “14” in Figure 7.5) 
were conducted to improve the material produced in the previous activities. In this 
step, participants collaboratively proposed changes, new ideas, and final 
customizations to the iDTV application. The participants discussed changes and 
new features based on the results of the evaluations and on previous experience 
gained during the process. The input was all of the material produced in the 
previous activities, such as the artifacts and the prototype. As output, the prototype 
was updated collaboratively with a list of changes and new features. 
For the application project and implementation (details “15” and “16” in Figure 
7.5), the first and final versions of the iDTV application (details “D” and “E” in Figure 
7.5) were developed for the TV platform. As input, the system analyst and developer 
received the requirements, prototype, and list of improvements. The output was the 
software engineer’s documentation (e.g., class diagram and code), manual, and 
iDTV Application.  
As additional to user evaluation (detail “17” in Figure 7.5), a technical evaluation 
(detail “18” in Figure 7.5) as conducted to review the application’s compliance with 
standards, data size, bandwidth, and programming language, and also to determine 
how the iDTV application behaved with different brands and models of devices. An 
infrastructure evaluation that covered the whole set of broadcasting equipment and 
other devices that are involved in content synchronization, updates, and 
transmission was also conducted. Input: the iDTV application and the whole set of 
broadcasting equipment. Output: a technical list of changes required to broadcast 




For the Deployment movement, we proposed activities such as integration 
between iDTV application and TV program production, signal integration, final 
customizations, and audience acceptance evaluation to ensure that the iDTV 
application was in good working order within the TV production chain. The activities 
are summarized in Table 7.4.  
Table 7.4. Activities proposed in the Deployment movement 
Activities proposed for Deployment 
Practice Description Artifacts Input Output Stage 
Integration between iDTV 
Application and TV 
Program’ Production 
Customizations between 
iDTV and TV show  
iDTV applica-
tion  






ment to incorporate the 
iDTV application within 
the broadcast signal  
iDTV applica-
tion  
iDTV application and 
broadcasting equip-
ment 
List of adjustments  Synthesis 
Customizations 











Evaluation of the applica-




iDTV application Statistical analysis Evaluation 
 
The integration between the iDTV application and TV program production (detail 
“19” in Figure 7.5) can be automated (configuration between equipment) or manual. 
This integration encompasses deployment, upgrades, and maintenance-related 
tasks that are required of the TV show. The iDTV application must be easy to 
customize to meet the update-related and operational demands. TV engineers and 
technicians are necessary to choose equipment to incorporate the iDTV application 
within the broadcast signal (signal integration: detail “20” in Figure 7.5) without 
hindering audio and video quality. This integration should be gradual until the 
Deployment movement is complete. For these activities, the input is an operational 
version of the iDTV application, and the outputs are lists of operations, changes, 
and customizations.  
Final customizations (detail “21” in Figure 7.5) were proposed to improve the first 
version to allow for easy changes to content and layout, to fit the application within 
the program’s production process, and to improve the robustness and quality of the 
broadcast version of the iDTV application. Input: all of the material produced in the 
previous activities, as well as the list of customizations for the iDTV application. 
Output: a customized iDTV application. 
In order to evaluate the application acceptance by the audience, an evaluation 




evaluation: detail “22” in Figure 7.5). This activity must be performed by the 
broadcasting company. If the application is not accepted by the audience, it may be 
removed, or it may go through a new process movement. The acceptance 
evaluation may be conducted via the iDTV application itself or through other means, 
such as on the web portal or in remote polls. The input is the iDTV application in 
operation with the TV show. The output is a statistical analysis of the audience’s 
feedback.  
7.5.2 Results 
This subsection is organized into results from the design activities in the workshops 
and the results from the evaluation activities. 
7.5.2.1 Workshop Results 
Participatory activities at the EPTV broadcasting company were performed in four 
workshops with participants and essentially covered two of the Pro-iDTV 
movements: Problem Clarification and Design Solution movements. A participatory 
activity was performed at begin of Software Development movement. The other 
parts of the Software Development movement were performed individually by a 
software analyst and developer (one of the researchers). The activities of the 
Deployment-based movements were performed by EPTV’s team in internal 
activities. In some cases, the activities were performed and shared with 
researchers, and, in particular, with who acted as software analyst and developer 
(final customizations-detail “21” in Figure 7.5). 
Table 7.5 summarizes the activities carried out as part of the design process for 
EPTV. The table presents the participatory workshops in which each activity was 
performed (column 1), the EPTV members and researches who participated in the 
workshop and the total number of participants (column 2), the activities performed at 
EPTV (column 3), the time proposed (column 4), and the total time spent on each 
activity (column 5). For instance, see row 3, column 3 in the first subsection of Table 
7.5: the stakeholder identification activity was allocated to Participatory Workshop 1. 
The activity was planned to last 30 minutes, and it lasted for a total of 38 minutes. 
More important than following the expected duration is to engage participants and 




Table 7.5. Workshops conducted at EPTV TV Channel 
Workshops at EPTV TV Channel 








Everybody (TdG Chief Editor, 
Designer, Researchers, etc.) 
except the Technological and 
Operational Development 
Technician 
(Total: 9 participants) 
Participant Introductions 10 min 10 min 
General Presentation 15 min 22 min 
Stakeholder Identification  30 min 38 min 
Problem and Solutions  40 min 35 min 
Questionnaire 10 min 17 min 




(Total: 10 participants) 
General Presentation and Results from Workshop 1 10 min 15 min 
Requirement Identification  35 min 60 min 
Participatory Pattern Cards 50 min 90 min 
Total Time - Workshop 2: 1h 35 min 2h 45 min 
Participatory 
Workshop 3 
Everybody except the Intern 
(Total: 9 participants) 
General Presentation and Results from Workshop 2 10 min 10 min 
iDTV Application Examples 10 min 16 min 
Brainwriting 35 min 120 min 
Pattern-Guided Braindrawing 50 min 20 min 
Total Time - Workshop 3: 1h 35 min 2h 56 min 
Participatory 
Workshop 4 
Everybody except the Intern 
(Total: 9 participants) 
General Presentation and Results from Workshop 3 10 min 10 min 
Participatory Situated Evaluation 35 min 25 min 
Discussion Regarding User Evaluations 30 min 30 min 
Refinement Brainstorming Session 20 min 30 min 
Questionnaire 10 min 17 min 
Total Time - Workshop 4: 1h 45 min 1h 52 min 
Total Time – All Workshops: 
6 h e 35 min  
{395 min} 
9h 35 min 
{565 min} 
 
Most of the activities exceed the proposed time by approximately 10 minutes, a 
result which we consider positive: they did not require much more time than 
expected, and they were successful in engaging the participants. Some activities, 
such as requirements identification, participatory pattern cards, brainwriting, and 
pattern-guided braindrawing took even more time than was planned, the reasons for 
which are presented below. Non-participatory activities were performed by different 
specialists, depending on the design movement. For instance, a developer and a 
designer collaborated to implement the prototype and the final application. 
In the first general presentation (see Table 7.5), the process and its theoretical 
foundations were introduced to the participants. The workshop facilitators also 
explained that everyone would have the same level of influence on decisions of 
participatory practices, regardless of his/her role, hierarchical level, or specialized 
conditions. Facilitators also explained the need for individual activities, as well as 




At the beginning of each workshop, summaries of the results obtained from the 
previous workshops and individual activities were presented. Workshop facilitators 
also presented the goals and schedule for the current workshop and its position 
within the process as a whole. Activities and their artifacts were introduced to the 
participants before being conducted (see Table 7.5: general presentation and 
results from workshop 1, 2 and 3).  
At the end of first and forth workshops (Workshops 1 and 4), the participants 
completed a questionnaire. The first workshop questionnaire sought to identify 
participants’ expectations regarding the impact of the application on the TV show. 
The second questionnaire at the end of the fourth workshop was created to identify 
whether participants were satisfied with the iDTV application prototype that resulted 
from the process. In both questionnaires, some questions were related to the Fogg 
Behavior Model: participants had to outline their expectations regarding users’ 
motivation and ability to use the iDTV application being transmitted with the TV 
show. 
During the stakeholder identification activity (detail “1” in Figure 7.6 and 
performed in Participatory Workshop 1), the participants used the Stakeholder 
Identification Diagram artifact to select the stakeholders potentially involved in the 
iTG application. Topics included the role of the parent company and its importance 
for the affiliate (EPTV), which led the participants to move the “parent company” 
stakeholder closer to the core layer.  
 
Figure 7.6. Problem Clarification Movement 
In the problems and solutions recognition activity performed in Participatory 
Workshop 1 (detail “2” in Figure 7.6), the participants identified approximately 10 
problems and their respective solutions for the design of iDTV applications in the 




activity was the Evaluation Frame’s contribution layer and was described as the 
“competition of the iDTV application with the TV content,” in the sense that the iDTV 
application should not compete with the TV show for the viewers’ attention. The 
solution proposed for this issue was to “develop an application with the lowest visual 
impact on the TV program”. 
In the requirements identification activity performed in Participatory Workshop 2 
(detail “3” in Figure 7.6), the participants established more than 20 requirements for 
the prospective iDTV application based on the material produced in the previous 
practices and on new discussions during the workshop. Requirements were 
organized according to the different layers of the Semiotic Ladder. “Respect parent 
company’s premises” on the semantic layer came from the situated context, as the 
application would not be broadcast if it did not comply with existing norms and 
restrictions. “The application should present challenges and encourage viewers to 
interact” was added to the pragmatic layer, indicating that designers should think 
about how to invite and motivate viewers to interact with the TV. The time passed its 
allotted 25 minutes because participants got involved in showing the company’s 
constraints and the impact of the iDTV on the TV show. These are just a few 
examples of the requirements organized on the Semiotic Ladder. 
From these first three practices (stakeholder identification, problem and solution 
identification, and requirement identification activities), participants decided that the 
iTG application should be an informative application with supplemental content not 
presented on the TV show but considered to be of great value for the audience. The 
iTG application should also reach the same audience as the TV show, magazine, 
and portal.  
In the participatory pattern cards activity performed during Participatory 
Workshop 2 (see detail “5” in Figure 7.7), the prototyping activities to design the iTG 
application were introduced. In this practice, the participants selected from 35 cards 
20 patterns that could be used in the iDTV application. The main contribution from 
this activity was to present the iDTV domain, its limitations, and its potential to the 
participants. Participants were also made aware of the parent company’s premises 
and restrictions, such as a norm defining that any iDTV application layout must take 
up the side edges from the screen and follow an overlay pattern in which the 




allotted time because the participants were motivated to consider how the iDTV 
application would and could be while respecting the parent company’s premises. 
 
Figure 7.7. Design Solution Movement 
The brainwriting activity (see “6” detail in Figure 7.7), performed in Participatory 
Workshop 3, was important for generating ideas for functionalities and concepts for 
the iTG application. Eleven different concepts were established for possible 
inclusion in the application. One example was using the iDTV application to show 
the ingredients of the recipe made in the show’s cooking segment. Games, quizzes 
and polls also resulted from the participatory activity as ways to motivate users to 
interact with the iDTV. The activity required an additional 85 minutes, since the 
participants generated a great discussion: whether to maintain a more classic 
application with more informative features or to create more dynamic features, such 
as games, chats, or surveys.  
During the pattern-guided braindrawing activity performed in Participatory 
Workshop 3 (see detail “7” in Figure 7.7), concepts and functionalities were created 
in individual drafts of the application interface as well as in a final draft consolidated 
by the participants. Figure 7.8 shows the evolution of the poll concept within the iTG 
application. A poll was suggested during the brainwriting activity as a feature to 
motivate users to interact with the iTG (“the application should present challenges 
and encourage users to interact with it”). The poll took shape in the prototyping 
activities (details B’ and B’’ in Figure 7.8), evolved within the initial prototype (detail 
B), and is present in both the initial and final versions of the iTG application (details 




participants spent more time on the previous activities. The reduced time did not 
seem to have substantially affected the dynamics or the results of the activity. 
The pattern checklist activity (see detail “8” in Figure 7.7) was performed after the 
pattern-guided braindrawing activity. In this case, an HCI expert with knowledge on 
Kunert’s pattern collections (2009) evaluated individual drafts and the final draft 
proposal. The B’ and B’’ details in Figure 7.8 show that workshop participants 
suggested both a poll with answers via smiley faces (sad, straight-faced, and happy 
– B’’ detail) and a poll based on a star rating system (B’ detail) with five options for 
viewers to rate the current TV show. Neither choice was in full accordance with 
Kunert’s pattern collections (patterns: voting and multiple-choice questions). After 
the patterns checklist and specialist refinement activities (detail “9” in Figure 7.7), 
the specialist chose to follow the pattern and used colored buttons as a voting 
method and only three choices to minimize the users’ cognitive and motor workload 
(see details “C,” “D,” and “E” in Figure 7.8). 
 
Figure 7.8. iTG Poll Evolution 
After the specialist refined the results, a prototype (see detail “C” in Figure 7.7 
and Figure 7.8) was designed and created by a software analyst and developer 
(one of the researchers)—see details “10” and “11” in Figure 7.7. The Balsamiq® 
and CogTool® tools were used to create the screens and the interactive prototype, 
respectively. The prototype was mandatory for making the ideas concrete, for 
providing an initial idea of the application as it would be once it was implemented, 




The prototype was used in two different evaluations. The first assessment 
included 10 prospective users (see detail “12” in Figure 7.7) and the second was the 
participatory situated evaluation in the fourth EPTV workshop (see detail “13” in 
Figure 7.7). Results are presented in next subsection. 
From the evaluations and experience from previous workshops, a refinement 
brainstorming session (see detail “14” in Figure 7.9) was held to obtain suggestions 
on how to redesign the interactive prototype. The results also reflected the simplicity 
and consistency of the interactive prototype, as participants and users were able to 
understand and explore it with ease. Participants suggested removing the game 
functionality and a few specific changes, such as button positions/colors and 
buttons appearing/hiding while navigating in the application menus.  
 
Figure 7.9. Software Development and Deployment Movements 
After the improvements based on redesign suggestions, a graphic designer (the 
EPTV team’s graphic designer and a workshop participant) created the final version 
of the application layout. The analyst used a class diagram and best programming 
practices to develop the first version of the application’s software (see details “15” 
and “16” in Figure 7.9). The iTG application was created (see details “D” and “E” in 
Figure 7.8 and Figure 7.9) on the iDTV platform using JavaDTV® following the 
Brazilian standards for data coding and transmission specification for digital 
broadcasting (ABNT NBR 15606 – Part 6) to run in Ginga® Middleware. The 
application was developed using an environment named Astrobox® maintained by 




application was hosted in Sticker Center®, an iDTV store and was run in a D-Link® 
set-top box (model DTB-311). 
iTG’s first operational version was tested by 50 end-users with different profiles in 
order to evaluate the use and motivational issues (user evaluation; see detail “17” in 
Figure 7.9). The results suggest that the application was widely accepted by the 
users, indicating it was easy to use and learn. Users also considered the application 
a further motivation to watch the TV show (see details in next subsection). A 
technical evaluation was conducted internally at EPTV (see detail “18” in Figure 
7.9).  
The integration between the iDTV application and the TV program production 
chain (see detail “19” in Figure 7.9) occurred in parallel with the evaluations and 
involved a meeting between the software developer and one of the engineers 
responsible for the project (Supervisor of Development and Projects). To meet the 
demands of the broadcasting company, the iTG application had to be largely 
customizable: easy-to-use configuration files were created to allow these 
customizations without the need of a developer to compile the code. Among the 
configurable parts are the whole layout and content, and some parts of the main 
application structure. In the main structure, the tools to use, their order, and their 
position on the menu are configurable. For the layout, the configurable parts are 
figures and button positions, speed at which the menu opens, the tools, the number 
of frames for the initial icon, etc. For the content, it is possible to customize the 
titles, text, questions and the possible answers, the images used in each tool (e.g., 
recipes, behind-the-scenes content), among other features. An instructional help 
guide was created to support the setting options. Because of these features, no 
specialized knowledge will be required from the TV channel’s employees to update 
the application’s content.  
Finally, for the broadcast version of iTG (see detail “E” in Figure 7.9), the 
application was made to be configurable and adaptable to the production chain, and 
some performance customizations were added to get the final version to achieve 
signal integration (see details “20” and “21” in Figure 7.9). One example of 
customizable features was reducing image size and resolution. Currently, the 
application is undergoing its final internal checks and trials by the EPTV staff. Once 
approved, the application will be broadcast and a final evaluation can be conducted 




7.5.2.2 Evaluation Results 
Product and process evaluations were performed in order to understand whether 
the Pro-iDTV process was efficient and effective.   
The product evaluations were performed with prospective end-users interacting 
with the prototype and the iDTV application in different movements of development 
in order to understand aspects involving both motivation and simplicity (cited in the 
previous subsection). In the initial stages of the process, we checked the user 
interface’s usability with the Design Patterns for iDTV (Kunert, 2009). In advanced 
stages, we used thinking aloud methods (Lewis, 1982) to evaluate both the 
prototype and the iDTV application to find out usability problems. All the practices 
were video recorded for a posteriori analysis. The Patterns checklist activity was 
performed by an HCI expert with knowledge on Kunert’s pattern collections (2009), 
to evaluate individual drafts and the final draft proposal. The thinking aloud 
approach during the practices was used to give observers insight into the 
participant’s processes of making sense of the application, its usability aspects and 
interaction problems, layout issues, adaptability to TV show content, acceptance, 
and motivational aspects. 
Regarding product evaluations, the product designed was evaluated with 
prospective end-users in two different movements; the main results are: 
Prototype Evaluation: 10 prospective end-users responded to the motivation axis 
questions: 3 participants are 21-30 years old, 5 are 31-40 years old, 1 is 41-50 
years old, and 1 participant is over 60 years old. Regarding their formal education: 1 
has high school, 3 have bachelor’s degree, 1 has specialization course, 3 have 
master’s degree and 1 participant has a doctor’s degree. None participant had 
previous experience using iDTV applications; 8 participants were aware of them, but 
had never seen any application; and 2 participants had seen them before. 
Furthermore, 6 have been watching the TdG TV show, although not often; 3 
participants watch once a month; and 1 participant do not watch TdG. Most 
prospective end-users answered positively to the questionnaire regarding their 
experience with the iTG: seven (70%) felt that the iTG application would motivate 
viewers to watch the TV show, and 3 (30%) felt it would not have an effect (that it 
would neither disturb nor motivate). In their responses on the ability axis questions, 
8 (80%) considered the iTG easy to interact with, and 2 (20%) stated they had few 




iDTV Application Evaluation: 50 prospective end-users interacting with the iDTV 
application. 49 participants answered the motivation axis questions: 24 participants 
are 21-30 years old, 13 are 31-40 years old, 8 are 41-50 years old, 2 are 51-60 
years old, and 1 participant is over 60 years old. Regarding their formal education: 3 
have high school, 15 have bachelor’s degree, 4 have specialization course, 19 have 
master’s degree and 8 participants have a doctor’s degree. 2 participants have 
previous experience using iDTV applications; 21 participants were aware of them, 
but had never seen any application; 20 participants had seen them before; and 6 
participants had never seen any iDTV application. Furthermore, 6 often watching 
the TdG TV show, around twice or thrice a month; 5 participants watch once a 
month; 20 have been watching the TdG TV show, although not often; and 18 
participant do not watch TdG. Most prospective end-users answered positively to 
the questionnaire regarding their experience with the iTG: 31 (62%) felt that the iTG 
application motivated them to interact with iTG while watching the TV show, while 
15 (30%) described their feelings as indifferent, 2 were not satisfied, and 2 did not 
answer this question. From their responses to the ability axis questions, 41 (82%) 
considered the iTG easy to interact with, 3 (6%) answered they had no difficulties 
interacting with it, 4 (8%) had difficulties, and 2 did not answer this question. 
In summary, the results of both user evaluations provide evidence that the 
application is easy to use and motivated users to interact with and watch the TV 
show. 
The process evaluation was carried out through several fronts: i) based on 
successful and complete conclusion of participatory and individual activities; ii) 
based on the behavior and participants’ feedback during the workshops; iii) based 
on the capability of the process, in considering tensions and interests from different 
areas of knowledge (TV, SE, HCI) and from different stakeholders’ perspectives; iv) 
based on identified features that emerged from the design process within different 
levels of abstraction (informal, formal, and technical); and v) based on the capability 
of the process of identifying features from situational context. 
As a result of process evaluations, we can point out:  
i) Successful and complete conclusion of participatory and individual activities. 
The participants felt motivated to perform the activities throughout the process and 
completed all of the tasks successfully. The tasks and activities were optimized in 




constraints of the EPTV team. At the end of the process, an iDTV application was 
co-constructed by the participants.  
ii) The participants’ behavior and feedback during the workshops. Also, the 
workshops’ several breaks, during which the participants made playful comments 
about the results. Whenever instigated, all of participants presented their point of 
view directly or through participatory artifacts and dynamics. For example, at the 
end of one of the workshops, the Supervisor of Development and Projects said, “I’m 
enjoying [the process]. What I think is cool is that, today, I have a fairly clear idea 
that there is consensus about things [problems and solutions] through everyone’s 
discussion”.  
iii) The capability of the process for considering tensions and interests from 
different areas of knowledge (TV, SE, HCI) and from different stakeholders’ 
perspectives. The use of Participatory Design allowed stakeholders from different 
fields (TV, SE, and HCI) to discuss democratically about the problem and solution 
using knowledge from the various fields of research (TV, SE, and HCI) and using 
different techniques (patterns for iDTV, HCI evaluations, Organizational Semiotics 
artifacts and prototypes). For instance, while HCI experts would like more interactive 
features in the  final product(for example, games and chats), on the other hand, TV 
Production experts suggested features that would not disrupt viewers from watching 
the TV show. Poll and/or quiz were the choices that pleased the whole group. 
iv) The capability of the process in identifying features that emerged from the 
design process in different levels of abstraction (informal, formal, and technical). 
The conceptual model with Organizational Semiotics artifacts also contributed in 
such a way that the proposed solution involved sociotechnical concerns. For 
instance, while poll and/or quiz features could attract viewers (pragmatic 
perspective), these features require TV to be connected to the Internet (technical 
perspective), which is not yet common in Brazilian TVs. The technical solution was 
to customize the iTG interface by showing or hiding the tool in the menu depending 
on the status of Internet connectivity. 
v) Capability of the process to identify features from situational context. The 
participatory process inside the company was essential for providing an 
understanding of the organization in context, and the forces and interests that act 
upon it. For example, the requirement “the application should be easy to maintain” 




context, and revealed the organization’s difficulties in finding human resources for 
activities that are out of their routine. This requirement resulted in a highly 
configurable application without the need to hire a programmer to customize it. 
In summary, the process provided evidences of being successful. 
7.6  Discussion 
The conceptual model, grounded on the situated and participatory approach, 
distributed into well-defined design movements was of fundamental importance for 
three reasons: to understand the context and current situation of the organization in 
the initial movements (e.g., problem clarification), and to organize the activities 
around the needs of the project and the context of the organization, and to develop 
a solution that would adapt to the constraints of this organization in subsequent 
movements. The principles of the conceptual model have been respected 
throughout the design process, since the very beginning. It started with the 
identification of a problem and the co-construction, among the parties, of a solution 
respecting organization's constraints. 
Because of the level of abstraction of the process model, its movements, its 
activities, and the artifacts created or used at EPTV, we think it may be successfully 
applied to other contexts and other TV companies. The process can fit into other 
contexts and TV companies because of the understanding of the organizational 
context obtained in the initial movements of the process (Problem Clarification). 
Thus, the process can be customized according to organization’s needs: some 
activities can be removed and others can be added according to the context of the 
design. The experience with EPTV suggests that the Pro-iDTV and its activities are 
appropriate in the context of a TV broadcasting company. In addition, results from 
the evaluations also indicated that the application made sense to workshop 
participants and to the prospective audience. 
The idea behind the adapted or created techniques (e.g., participatory pattern 
cards and pattern-guided braindrawing) is to make them able to be applied to other 
contexts and other domains of knowledge, for instance, using patterns from other 
research fields. The same holds to the participatory situated evaluation. The results 
from these techniques successfully generated dynamics that allowed for 




In order to further optimize the time required of the organization’s team, the 
specialists (in this case the researchers) were required to put more effort into 
summarizing, analyzing, and preparing material between the participatory activities, 
as well as into building the interactive prototype and final iDTV application. In total, 
the four workshops conducted at EPTV took approximately 9 hours. The additional 
time relative to the expected time commitment (3 hours) reflects the workshop 
participants’ engagement in the activities. This factor may be improved in future 
process instantiation in other contexts. It is important to note that the design process 
as a whole—from the Problem Clarification movement to the prototype evaluation 
activity—required less than two days of work from the EPTV team. The other 
activities can be performed individually by specific employees who have the 
competence and ability to complete them. These results suggest that, when it 
comes to time commitments, the Pro-iDTV is a viable process model for the design 
of iDTV applications in a situated context. 
During the design process, two main roles had a key importance: i) a mediator 
between the organization’s members and outside participants (e.g., researchers) to 
understand the differences in vocabulary and the interests of participants in the 
activities; and ii) a facilitator to carry out the activities and reduce conflicts among 
participants regarding final decisions. During the practices, some participants with 
competitive views were noticed (for example, some who were pro or against the 
idea of having an iDTV application with Terra da Gente TV show). In these cases, 
the facilitator should mediate negotiations while considering all of the forces 
involved and should help make final decisions supported by the design artifacts. 
If compared to other approaches from the literature, the process proposed in this 
paper contributes to the perspectives regarding the design of iDTV applications. In 
this sense, all stakeholders have an active voice and participate democratically 
during the design process. The process also aims to offer a holistic view of the 
problem from different perspectives, and it is not only restricted to technical or social 
issues. In addition, Pro-iDTV brings together stakeholders, concepts, techniques, 
and artifacts from three areas of knowledge (HCI, software engineering and 
television production) in different proportions and in a viable and practical way that 
was found to be a promising process for supporting the PD of iDTV applications in 




7.7  Conclusion 
Designing iDTV applications involves technical and social factors that directly 
impact iDTV usage. Most broadcasting companies are still not prepared to design 
iDTV applications within their production chains, and there are few theoretical and 
methodological references for it. This paper contributes in both theoretical and 
practical spheres. In a theoretical perspective, the paper contributes with the 
creation of a conceptual process model proposed for supporting a situated and 
participatory method for designing applications from a sociotechnical approach, 
especially iDTV applications. In a practical perspective, the paper contributes with 
the instantiation of this conceptual model (the Pro-iDTV) and its use in the real and 
situated context of a TV broadcasting company. The approach involved the fields of 
Human-Computer Interaction, Software Engineering, and Television Production and 
was created in such a way that it involved the main stakeholders in the design 
process inside the organization. 
The conceptual process model contributes with the principles and foundation of 
design, offering a holistic view of the problem from different perspectives and levels 
of abstraction. In a practical sphere, a case study conducted in a real scenario of a 
TV broadcasting company was presented and the results reflect the benefits of 
using the Pro-iDTV to understand the main forces acting within the organization in 
order to design an iDTV application. A broader understanding of the application’s 
place within the TV show and the constraints for designing iDTV applications inside 
the organization were obtained and generated from different stakeholders’ 
perspectives—people from different fields and with different areas of expertise. The 
activities for proposed the broadcasting company studied herein encouraged the 
sharing of knowledge among the parties and fit the reality of the company while 
respecting its internal activities and organizational constraints. The iDTV solution 
was iteratively co-constructed by the parties, and the intermediate and final results 
were accepted as a consensus among the workshop’s participants. 
The results from the iDTV application evaluations indicate that the prototype and 
the application created from Pro-iDTV were widely accepted by the participants and 
prospective end-users alike, results which show that the solution proposed makes 




The participatory or individual activities assigned to the involved people were 
successfully completed. In all cases, the activities were performed harmoniously, 
and we observed a democratic stance among participants, one of the main 
principles of our process. As additional result from the process evaluations, the 
iDTV solution adds features from the three abstraction levels (informal, formal and 
technical), from the situated context and from the different areas involved (HCI, SE 
and TV). In addition, participatory activities required less than 10 hours of the EPTV 
team’s time, and few people were involved in individual activities. In this sense, the 
findings suggest that the conceptual process model proposed herein is viable for 
use in organizational contexts and do not demand much on the company’s 
resources. 
Future studies will involve testing and transmitting (broadcasting) the final 
application for that the iDTV application will reach the TV Show audience and we 
will be able to evaluate it. We expect the proposed model to inspire and guide other 
studies in different contexts (for example, in other TV shows and TV channels, or 
exploring Second Screens and the Internet of Things); other researchers are 













The period in which this doctoral thesis was completed ran parallel to advances in 
digital TV (e.g., iDTV), particularly in Brazil where the research was carried out. 
Since the initial phase of the Digital TV boom, changes have included the intense 
exploitation of resources and services by governments, industries, broadcasters, 
and research institutions, and progress has moved toward the final implementation 
period in which most of the Brazilian’s broadcasting companies are switching off the 
analog signal. During this period, several expectations about the future of digital TV 
(including iDTV) was expressed, only some of which have been realized and used 
for the current population and TV channels (e.g., full HD television, smartphones 
with TV embedded in, and video on demand solutions such as Netflix®). Despite 
the financial and human resources that had been and are being addressed in the 
implementation and research of Digital TV and iDTV in Brazil, there are still critical 
problems that require a joint effort from different stakeholders and that transcend 
the technical dimension and the use of the television medium. Important factors 
include the commercial and political interests behind the government and corporate 
TV networks and which can only be perceived in the real context of a TV channel.  
Regardless of this scenario of changes, all stages of this doctoral thesis (e.g., 
review of the literature, research and creation of techniques and artifacts, and the 
evaluation and definition of the process model) had scientific and practical 
contributions that made sense for the current status of the HCI and iDTV landscape. 
The conceptual process model proposed in this work makes contributions to the 
principles and foundation of design. The process model for iDTV (Pro-iDTV) offers a 
holistic view of the problem situated from different perspectives and levels of 
abstraction, and is not only restricted to either technical or end-user issues. The 




the design of iDTV applications. The design applied herein differs from others in the 
literature in that the design is situated in the practical context of a TV channel and 
all stakeholders have an active voice and are at the center of decisions because the 
model involves them in the process of defining problems and proposing solutions 
democratically during the design process. 
The Pro-iDTV combines the stakeholders’ knowledge, concepts, techniques, and 
artifacts that bring together 3 fields of knowledge (HCI, software engineering, and 
television production) in a viable and practical way that was found to be promising 
for supporting the Participatory Design of iDTV applications in the situated context 
of a TV broadcasting company.   
A case study conducted in a real scenario of a TV channel was also presented, 
which shows the importance and seriousness of this study. On the one hand the 
results from the case study pointed out benefits of using the Pro-iDTV to understand 
the main forces that act within the organization in order to design an iDTV 
application. A broader understanding of the place of the iDTV application and its 
design within the TV show, and constraints for designing iDTV applications inside 
the organization were generated from the perspectives of different people from 
different fields and with different areas of expertise. Activities proposed for the 
EPTV broadcasting company encouraged the sharing of knowledge among the 
parties and fit the process to reality of the company by respecting its internal 
activities and organizational constraints. The iDTV solution was iteratively co-
constructed by the parties, and the intermediate and final results were accepted by 
the workshop participants and prospective end-users. On other hand, the situated 
context brings additional difficulties involving risks and practical limitations. Among 
the difficulties is the time restriction to develop activities, lack of flexibility of 
schedules, the risk of not completing this research within the TV Show, the 
impossibility of bringing external participants who could be end users, among 
others. 
The nature of the discussions, both with workshop participants as well as with 
prospective end-users, has made everyone rethink and understand the place of TV 
within this new technological world. Such a place transcends technical issues and 
competition with other emergent media, and these changes face political realities, 
cultural issues, and restrictions from organizations themselves. In this sense, the 




seed within terrestrial TV channels and require them to rethink their current image 
and audio-based business models. In the design scenario, in which the directions to 
be taken by computational systems (including iDTV) were discussed in the context 
of media networks and increasingly interconnected people, this doctoral thesis 
reflects the need to rethink the theories, methods, and practices adopted to support 
the design of solutions that make sense for everyone, from designers to 
organizations to audiences. 
8.1  Process Evaluations 
Product and process results were evaluated in order to understand whether the Pro-
iDTV process was efficient and effective for end-users and the broadcasting 
company.  
Both prototype and final version of the iDTV application were evaluated in 
different design movements. The prototype evaluation presented in Chapter 5 was 
performed with 10 prospective end-users. None participant had previous experience 
using iDTV applications; 8 participants were aware of them, but had never seen any 
application; and 2 participants had seen them before. Furthermore, 6 have been 
watching the TdG TV show, although not often; 3 participants watch once a month; 
and 1 participant do not watch TdG. Most prospective end-users answered 
positively to the questionnaire regarding their experience with the prototype: 70% 
believed the iTG application would motivate viewers to watch the TV show, and 
80% felt the iTG was easy to interact with. The final version of the iDTV application 
was evaluated by 50 people interacting with the iDTV application. 2 participants 
have previous experience using iDTV applications; 21 participants were aware of 
them, but had never seen any application; 20 participants had seen them before; 
and 6 participants had never seen any application. Furthermore, 6 often watching 
the TdG TV show, around twice or thrice a month; 5 participants watch once a 
month; 20 have been watching the TdG TV show, although not often; and 18 
participant do not watch TdG. The results were also positive. Some results were 
presented at the end of Chapter 7, and are complemented here. Figure 8.1 shows 
the Fogg conceptual model composed of the ability and motivation axes. After 
interacting with the TV show or iDTV application running on the TV show at different 




motivation and ability were only while watching the Terra da Gente TV show or 
interacting with the iTG iDTV application running on the TV show. The further away 
from the axes [upper right quadrant] is the subject’s ability and motivation relative to 
the object / system under analysis. 
 
Figure 8.1. Users’ answers after them interacting with the TV show or with iTG on TV show 
We can see the most striking distribution of responses in the upper right quadrant 
of viewers who have interacting with iTG running on the Terra da Gente TV show. 
The distribution of responses is more dispersed when participants responded at the 
times in which they were only watching the Terra da Gente TV show. In other 
words, the evaluation results show evidence that the application is easy to use and 
motivated users to interact iDTV application while watching the TV show. Only one 
user described iTG running on the Terra da Gente TV show as hard to use and 
didn’t provide additional motivation for the TV show alone. 
The process was evaluated in order to understand its ability to consider 
constraints of the design scenario inside and outside the organization, as well as the 
completeness of the tasks and final result. Evaluating the process regarding its 
capability to consider the organizational scenario was presented in Chapter 6. The 
findings pointed out the potential of the process to determine the situated context 
and indicate challenges that a TV channel is likely to face when restructuring its 
internal production chain in order to support iDTV applications. The process was 
also effective in understanding design issues that go beyond the broadcaster's 
scenario. The findings are presented in Appendix B, and show barriers identified 
during different movements of the design process (from the technical level to the 
informal level), as well as information on those influenced by the iDTV application 




and motivational features). Disregarding these features during software design 
might result in solutions that do not make sense to the organization, stakeholders, 
or users for whom the technology was designed. 
The evaluation on the process to determine whether the process made sense to 
the organization and the workshop participants was based on the completion of 
activities and feedback from participants, some results of which were presented at 
the end of Chapter 7. The findings showed that the participants performed the 
process activities and completed all of them successfully. As a result of the 
activities, the artifacts were filled in or created harmoniously with a focus on the 
iDTV design solution and on understanding the organization’s constraints from 
different points of view. The participants also made several comments during the 
process, with statements such as “I’m enjoying [the process],” or “things are taking a 
form of consensus through everyone’s discussion” or “I had never thought of it that 
way.”  
In other words, regardless of the point of view, the process and its results were 
positive. 
8.2  Answering Questions Presented by the Research 
As part of the objective of this study, presented in the Introduction, the main 
question was defined: “from the perspective of a broadcasting company, can a 
design process for iDTV applications consider tensions and interests from different 
areas of knowledge (TV, SE, HCI) and different stakeholders’ perspectives in a 
systemic way?” Based on the knowledge built during this research, we can conclude 
that, yes, it was possible to create a process model to support the design of iDTV 
applications for a broadcasting company after determining their specific needs. 
However, how do we understand that this was possible? To answer, we have 
broken down the main question as follows: 
What is the feasible way to propose and test the creation of a model for an 
iDTV application design process that meets the specific needs of a television 
broadcasting company? 
The process model, grounded in the SAC approach, was the main instrument for 
designing an iDTV application respecting different levels of abstraction and the 




tensions and the constraints of the situated context was of fundamental importance 
for understanding the broadcaster scenario and defining the next design activities 
and the process model as a whole, so that this process model would make sense 
for the organization and the workshop participants.  
The results presented in Chapter 3 and Chapter 4 suggest that artifacts and 
dynamics contributed to the design of a system that made sense to the organization 
and the workshop participants. The results presented in Chapter 6 and in Appendix 
B show the process’s potential to assess the situated context and identifying 
possible changes within the TV channel due to the design of iDTV applications. The 
evaluations presented at the end of Chapter 7 and in “Process Evaluations” sub-
section (of this chapter) also show that the process as a whole made sense to the 
organization with respect to the completeness of time, the final result, and the 
participants’ feedback. 
How does the process consider tensions and interests from different areas 
of knowledge (TV, SE, HCI)? 
Because of its use of Participatory Design techniques, the process inherently 
allows all stakeholders involved to have the same decision-making power 
throughout the design process. Semio-participatory workshops involved people with 
specific information from different fields presented in this doctoral thesis (TV, SE, 
and HCI). For example, the broadcasting company’s staff had knowledge on the TV 
production process, while the researchers had advanced knowledge on HCI and 
software engineering. In addition, the use of artifacts that brought knowledge from 
the various fields of research (patterns for iDTV, pre-filled semiotic organizational 
artifacts, the iDTV application, and prototypes) added to the participants’ knowledge 
allowed them to work democratically despite their varying interests. At the end of the 
activities, the result was an iDTV solution based on the participation of all of the 
parties, and which consolidated the tensions between the 3 fields of research.  
The role of the facilitator is essential for dealing with the tensions and organizing 
the activities. The facilitator should be a person who has at least basic to 
intermediate knowledge in the three research areas (HCI, SE and TV), and be 
someone with ability to articulate the tensions among participants and areas of 
interest. 
As shown in Chapter 7, the process movements proposed activities that allowed 




In the initial movements (problem clarification), the participants from different areas 
should discuss the challenges, problems, and solutions associated with iDTV design 
in the organization and for society. Design solutions were also made in participatory 
activities with all of participants and focused on HCI results. In the software 
development movements, more software engineering knowledge was used as part 
of the specialists’ approaches; however, included a software analyst with the 
experience with iDTV required to develop a code adherent to Brazilian norms. The 
Deployment movement demanded more knowledge on TV than on HCI and 
software engineering to make final adjustments to the iDTV application to customize 
it for the TV production chain and to aid in the design of the final layout. 
The process and the different levels of abstraction (informal, formal, and 
technical) from different stakeholders’ perspectives. 
Chapter 3, Chapter 4 and Chapter 7 detailed and highlighted how the 
development of the iDTV application through all of design movements included 
different levels of abstraction from different stakeholders’ perspectives. The nature 
of the process, which considers the SAC approach as its main theoretical basis, 
was our greatest ally for performing the participatory activities that provided results 
from different perspectives and from different levels of abstraction. In the initial 
movement, the participants’ informal knowledge was explored and materialized in 
artifacts based on Organizational Semiotics with informal, formal, and technical 
levels of abstraction. In the second movement, the participants work together and 
the proposed solution begins to be shaped into more formal artifacts, such as the 
prototype itself and the iDTV application. In the more advanced movements, more 
technical and specific knowledge is used to develop the iDTV application and 
deploy it in the production chain. However, the process as a whole consistently 
requires those involved to look beyond the technician and to different stakeholders 
to clarify the problem and to propose solutions. 
How did Pro-iDTV address all stages of a design process (e.g., Problem 
Clarification, Design Solution, Software Development, and Implementation)?   
As shown in Chapter 7, the Pro-iDTV considers the four design movements that 
address all design stages. In the Problem Clarification movement, participatory 
dynamics were applied in order to identify the problem until the requirements were 
consolidated for the iDTV application. For the Design Solution movement, two 




consolidate a set of collective design ideas on paper from the requirements. In the 
second, an executable prototype of the solution was consolidated in the Web 
environment from the on-paper design ideas. Finally, in Software Development and 
Implantation the final application was created, developed (following the ABNT 
standard), and customized to meet the needs of the broadcasting company and the 
TV show. In other words, we started with a problem and ended with a software 
artifact by following the technical restrictions imposed by Brazilian standards and 
the broadcasting company, factors which shaped the needs identified during all 
movements of development process. 
What is the feasible way to propose a process that is feasible for 
broadcasting companies (in terms of technical, economic, time, and schedule 
constraints) and which is also adaptable to its production chain? 
Participatory dynamics were useful for the elaboration of the software application; 
they also aided in our investigation of the context and the customization of the Pro-
IDTV for the broadcasting company. This method influenced the choice of 
techniques and artifacts that would be used and how they were presented. For 
instance, most of the workshop participants did not have technical knowledge on 
iDTV applications, their potential, and their constraints, so we customized an activity 
(the participatory pattern cards presented in Chapter 4) between the first and 
second workshops to quickly and dynamically present the iDTV technology to them. 
In terms of time constraints, the process was proposed in a way that would optimize 
participants’ time. In some cases, the artifacts used in the workshops were 
previously filled in with results from the literature. The results of the previous 
workshops were always analyzed, presented succinctly, and linked to current 
workshop activities. In addition, economically, the artifacts used during the 
participatory dynamics were customized on a poster and no paper so as not to 
waste the resources of those involved. Low-cost technological devices were also 
chosen for use in the development process. In terms of the schedule, the 
participatory dynamics were well defined and carried out with a previously organized 
schedule. Two hours were allotted to each workshop, which made it easier for 
participants to comply. Thus, it was possible to customize the technical, economic, 
time and scheduling aspects of the process the fit the needs of the broadcasting 





What is the feasible way to propose a socially responsible process? 
According to the view of this doctoral thesis, a socially responsible process must 
be based on ethical issues and suggests that an entity, be it an organization or 
individual, should act for the benefit of all, mainly the society. It is a process with a 
premise to engage and give an active voice to all stakeholders (such as staff, 
viewers, and researchers) during the design process. In this sense, the process was 
shaped according to the experiences acquired in the initial workshops, so that the 
planning of the activities always sought collective knowledge and incorporated 
everyone’s interests: those of the organization and the researchers, but particularly 
of the viewers who represent society. The positive results presented in Chapter 5, 
Chapter 7 and “Process Evaluations” sub-section (of this chapter) go in this 
direction. 
Additionally, theoretical references were applied such as the SAC approach, 
persuasive design, and design patterns as a way to ethically combine the 
knowledge from the literature in order to offer the best solution for everyone, and 
always respecting the constraints of television as a medium, of the organization, 
and of society (and Brazil in particular). 
8.3  Contributions 
The main contributions of this study can be seen from theoretical and practical 
perspectives and from different fields of knowledge. The highlights among the 
theoretical contributions are: 
 HCI: 
o Investigation of a TV device that is full of design challenges. 
o Creation and customization of new techniques and artifacts that can 
be applied in application design. 
 Software Engineering  
o Elaboration of a process conceptual model that aims to incorporate 
social issues in the artifact to be developed. 
 TV Production  
o Creation of methods and processes that can be incorporated into 





Contributions in practical terms: 
 Implementation of systems that bring together different types of 
technologies and media. 
 The iDTV application had 4 interactive versions in different stages of 
development (design ideas on paper, prototype, first iDTV application, and 
final iDTV application). 
 Four participatory workshops with a total of 9h 35 min with 8 main 
participatory activities and supported by 13 technical activities (individual 
or in groups). 
 In total, 3 participatory activities and 3 artifacts were created or adapted. 
8.4  Strengths and Limitations 
Some of the most relevant strengths and limitations of this study are the following: 
 If compared to other works in the literature, it was one of the few tested 
within a real context of a TV broadcasting company (a situated context). 
This scenario brought real problems and results that enriched the 
participatory workshops, the final outcome of iDTV application, and the 
process design. 
 Although the Pro-iDTV suggests an order for applying the individual and 
participatory activities, as well as the artifacts, this order is flexible and can 
be adapted to the needs of the scenario regardless of where is being 
applied. Therefore, the conceptual model proposed in this doctoral thesis 
can be adapted to and implemented in new contexts, and additional 
techniques can be added depending on the scenario. The techniques and 
artifacts created can also be used in other processes and other contexts, 
and the activities used can be replaced by other activities according to the 
situation. 
 The techniques and artifacts were designed to not require any specific 
knowledge on HCI, software engineering, or TV production, which 
facilitated the design activities. The results presented in Chapter 3 and 
Chapter 4 showed that the artifacts were created and used made sense 
for participants and that these artifacts contribute effectively to their 




 The combined use of the theoretical references (SAC, design patterns and 
persuasive design) were extremely important for the results achieved. 
SAC transcended the entire design process with artifacts and participatory 
dynamics (see Chapter 3 and Chapter 7). Design patterns helped and 
highlighted the potential and constraints of iDTV technology and served as 
the foundation for participants' design activities (see Chapter 4). 
Persuasive design formed the primary theoretical reference guiding the 
evaluations by participants and potential end-users (see Chapter 5 and at 
the end of Chapter 7). 
 However, this doctoral thesis has faced a lack of resources for application 
development, such as access to broadcast equipment and development 
environments. The costs of many of the television market products 
required were unviable for a research context. Many of the development 
tools needed were still in the prototype stage, and only a few enabled an 
adequate environment for the final development of the iDTV application. 
By the end of the doctoral thesis, many of these tools had been 
discontinued, including our test receiver. 
 The process model known as Pro-iDTV was tested once in a TV channel 
and for only one TV show. However, this limitation opens the door for 
future studies. 
 Although it is still common to see interactive applications associated with 
television content, during the course of this doctoral thesis process, 
interactive digital TV has shifted to other business models (e.g., second 
screens), which was also true for the broadcasting company involved in 
this study. 
8.5  Future Work 
Our process model was developed based on the knowledge of participatory 
practices from the broadcasting company, and at the end of this doctoral thesis, an 
iDTV application was delivered to the EPTV engineering team. As for future 
research, it is at the EPTV team’s discretion to determine the feasibility of the 
application, and verifying whether it observes the company’s constraints to 




application will reach the Terra da Gente audience. If this happens, we will be able 
to evaluate the application directly with the target audience, which would be a 
natural next step of this research. 
The process model in the manner it was designed made sense for the EPTV 
team and for prospective end-users. However, testing the process on others TV 
shows and TV channels may be needed to confirm its effectiveness in other 
scenarios and to improve the activities, the artifacts, and the process model. Testing 
the process model in other contexts (for example, exploring the potential use of 
second screens and the Internet of Things) can be a good and new challenge, once 
such context may increase the viewers’ use, satisfaction, and motivation, 
particularly among users who are accustomed to interacting with such technologies. 
Since the process is flexible enough to incorporate new techniques and artifacts 
and to allow for changes in the order of activities, this study can be seen as a 
jumping-off point for new research, techniques, and artifacts to stimulate the co-
construction of new technological systems and of iDTV applications in particular.  
8.6  Concluding Remarks 
In addition to providing a design process model for iDTV applications, this doctoral 
thesis has revealed the need for changes to the perspectives assumed in 
application design and the need to go beyond a specific solution and move on to a 
holistic view of the system being designed. It is necessary to understand and 
recognize all aspects that directly influence how an interactive system is to be 
perceived, understood, and used by stakeholders before it is designed. 
In this sense, this research addresses these challenges through the creation of a 
process model that is able to also identify such interests (additionally to technical 
and formal issues). These interests were identified herein because this study was 
applied to a broadcasting company. Therefore, some results were obtained thanks 
to EPTV’s involvement, which opened the doors to such discussions during the 
participatory workshops. For this reason, the authors would like to give special 
thanks to the EPTV team, and to all of the participants who collaborated with the 
activities and provided us with knowledge on the situation and the context, 
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Interactive Digital TV as Revealed through Words 






Interactive Digital TV (iDTV) exists within a digital ecosystem that interconnects a 
variety of media, viewers and electronic devices, and it reaches new proportions as 
computers and hyper-connectivity are being incorporated into objects and also into 
everyday environments, in both public and private spheres.  Every emergent 
technology suffers from a lack of references, processes and artifacts for developers 
and as they assess and design new solutions. In light of this context, this study 
sought to map out the main research focuses that have been addressed in the iDTV 
field in recent years. Data was collected and an analysis was conducted on 
research sources based on the frequency of words from paper titles and their 
abstracts; results reveal individual characteristics of one of the most relevant 
conferences in the field (EuroITV) and other publications found in the ACM-DL. 
Similarities and differences on these vehicles, allow an overview of contributions 
and gaps in the field. Moreover, this study presents detailed information about 
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Digital TV convergence has been marked by major changes in content production, 
broadcasting and reception, as well as new possibilities for market issues. For end-
users, some examples of improvement include: quality in audio and video, 
electronic program guides (EPGs), mobility, and interactivity (Fernandes et al., 
2017). In parallel to the Digital TV convergence, the diversity of devices in people’s 
homes has also increased in recent years. A typical TV scenario presents a set of 
devices connected to the TV (e.g., a set-top box, DVD players, home theater, etc.), 
and each one has specific features that include different layouts, ways of 
interaction, remote controls, etc. (Bernhaupt et al., 2010). Moreover, according to 
Rice and Alm (2008), with technological progress and the convergence of 
information and communication technologies (ICTs), the Interactive Digital TV 
(iDTV) has become part of a digital ecosystem that interconnects a variety of 
consumer and electronic devices inside and outside people’s homes (e.g., mobiles, 
cars, etc.). This ecosystem reaches new proportions as computers and hyper-
connectivity are being incorporated into objects (e.g., toys, appliances, books, 
clothes and furniture) and also into everyday environments (e.g., airports, garages, 
malls, houses and offices), in both public and private spheres (Bødker, 2006). 
Furthermore, according to Sellen et al. (2009), this ecosystem has brought people 
together as citizens or members of global communities – changing the way we live 
with continually increasing digital presence in our lives.  
This new scenario opens up a variety of possibilities for emerging services for 
digital television (Rice and Alm, 2008). Some lines of research in iDTV are focused 
on technical, social and infrastructure-related issues involved in this medium, its 
context and its uses. Some authors consider the use of a second screen (e.g., 
smartphones and tablets) in the interaction with TV applications (Fonseca and 
Ferraz, 2012; Pedrosa et al., 2012) or a social sharing mode where the screen 
connects the viewer to the wider co-viewing audience (Doughty et al., 2012).  
Others suggest gestures (Bobeth et al., 2012) or voice (Berglund and Johansson, 
2004) as new mechanisms of interaction with the TV that may replace the remote 
control. Viana et al. (2009), for example, suggest an extension of the set-top boxes 




Bannon (2011) argues that instead of augmenting our choices and capabilities, 
the new devices may confuse and sometimes disable us. Thus, it is necessary to 
rethink the structure of our values; it is necessary to rethink the place of technology 
in our values frame, as well as how we live with and through technology, and also to 
give priority to human beings, their values, and their activities, tools and 
environments. For Sellen et al. (2009), it is necessary to incorporate truly human 
elements, and to conceptualize users as embodied individuals who have desires 
and concerns, and who belong to a social, economic and political ecology. 
Furthermore, there must be flexibility, since people's engagement with technology 
and the nature of their interactions with it change continuously. Some authors 
suggest bringing the end-users and their viewpoints into the discussions on the 
projects in order to incorporate system features that go beyond technical issues, to 
identify conflicts, to understand impacts, and to shape the system to satisfy the 
audience (Cesar et al., 2008; Rice and Alm, 2008). 
As for this scenario, this study sought to map out the main research sources that 
have been hosting the iDTV field in recent years in order to identify which emerging 
issues are being recognized in the field. This paper presents an analysis of words in 
the field, based on the content of the European Interactive TV Conference 
(EuroITV) and other publications on iDTV, which were found in the ACM Digital 
Library (ACM-DL). The discussion is based on the creation and analysis of tag 
clouds generated from titles of papers and their abstracts. The study sought to 
identify the main issues methods, devices, interactive features, etc. related to iDTV. 
Moreover, it explores information about conferences, journals, affiliations and 
countries where these papers were published. As a contribution, the paper reveals 
the individual characteristics of EuroITV and other publications found in the ACM-
DL, the main focuses of research on iDTV, similarities and differences between 
sources. Finally, this analysis allows the identification of the main research focuses, 
especially regarding user experience issues, and offers ways of thinking that may 
help to promote future studies on the field. 
The paper is organized as follows: the second section briefly presents the 
EuroITV conference and the ACM-DL; we also introduce related concepts and 
rationale for the use of tag clouds as data representation. The third section 
describes the method used for the data extraction.  This data was, in turn, used to 




discusses the findings. The last section presents the final considerations about the 
study and offers directions for future research. 
A.2 Study Context 
The ACM-DL represents the main repository of papers and proceedings of the 
EuroITV and other conferences in the area of iDTV, and it was the main source for 
this study.  The proposed roadmap in the field of iDTV and related issues was 
drawn on with data from the EuroITV Conference series and the ACM-DL including 
conferences (e.g., Brazilian Symposium on Multimedia and the Web) and journals 
(e.g. Multimedia Tools and Applications and Computers in Entertainment) with 
tradition in the iDTV field, briefly described as follows:  
The EuroITV began in 2003 in the city of Brighton in the UK, where it took place 
for another year.  Since then, it has been held in many countries in Europe. It is held 
annually in countries such as Austria (2008), the Netherlands (2007), Greece (2006) 
and Denmark (2005). This study analyzes the conferences held in Belgium, Finland, 
Portugal and Germany between 2009 and 2012, respectively (Bødker, 2006). The 
conference is addressed to people who work “on different aspects of interactive 
television, e.g., IPTV, mobile TV, digital content production, entertainment 
computing, usability and user experience evaluation, changes in technical 
requirements and infrastructure, and future technologies.” It aims to gather 
researchers and professionals from all over the world to “discuss the latest 
advances in media technology, Human-Computer Interaction (HCI) systems and 
technology, media studies, personalization and recommender systems, intelligent 
user interfaces (IUI) and the content creation community” (EuroITV, 2013). 
The ACM-DL is a comprehensive collection of full-text articles and bibliographic 
records that cover the fields of computing and information technology. The full-text 
database, with more than 2 million items, including journals, conference 
proceedings, magazines, newsletters, and multimedia titles. For each publication 
recorded there, one can search for abstracts, titles, authors, conference 
proceedings, the article's number of accesses and citations, the article's year of 
publication, references, index terms, reviews, comments etc. One can also perform 
a refined search using keywords (e.g., defining the terms of the search), people 




publication, publication name) and conferences (e.g., by sponsor, event) (ACM-DL, 
2014).  
A.2.1 Tag Cloud Representations and Tool  
For an overview of the themes appearing in the analyzed conferences, we used tag 
cloud representation. A tag cloud is a visual representation of a set of words, 
typically tag words (labels).  This term gained notoriety when it was used on social 
software websites such as “Del.icio.us®” or “Flickr®”. Each word is highlighted within 
the cloud according to its frequency within the word set, and it is enhanced through 
the manipulation of visual features, such as font size, color, weight, etc. (Bateman et 
al., 2008).  
For Rivadeneira et al. (2007), this format is useful for quickly revealing the most 
prominent terms and relative importance of a specific word within the analyzed set. 
Depending on the context in which they are used, Rivadeneira et al. suggest four 
different tasks that can be supported by tag clouds: i) Search: to locate a specific 
term in a set. Often this term is a link for detailed information on the subject; ii) 
Browsing: as a means to browse. In this case, the user may not have a specific 
target, but s/he can access details if interested; iii) Impression Formation or 
Gisting: as a way of providing a basic idea about a subject. For this, it is important 
to highlight the dominant themes, but without omitting the terms of lowest frequency; 
and iv) Recognition/Matching: to recognize information through visual 
characteristics linked to each tag cloud generated, which creates a visual identity 
(e.g., one tag cloud for each different subject and with unique features that can 
easily be recognized). 
In some specific cases, the tag clouds are less accurate and less efficient if 
compared to other visualization forms such as tables (e.g., to determine the 
presence or absence of a specific word (Oosterman and Cockburn, 2010)) or 
wordlists (e.g., to identify relationships among concepts (Kuo et al., 2007)). 
However, they are advantageous when capturing the essence, and they present a 
succinctly large amount of descriptive information, which improves user satisfaction 
(Kuo et al., 2007). The need for a summarized presentation of a large amount of 
data are some of the reasons we chose tag clouds as one of the resources in the 
analysis conducted in this study. For more accurate analyses, other representations 




The tool used to create tag clouds in this study was (Wordle, 2014). The 
occurrence of each word in the source text is grouped together and the most 
recurrent words stand out more. The word proportionally reflects the number of 
times it appears in the input text, in the visualization. Some parameters defined for 
tag clouds creation are: i) language: to remove stop words (e.g., the, to, for, with) of 
the input text; ii) maximum words: maximum number of words to be shown in the 
tag cloud; iii) layout: defines rounder or straighter edges, word orientation (e.g., 
horizontal or vertical), font, color palette; and iv) alphabetical order: uses 
alphabetical order to show the words in the tag cloud. 
The tool does not group (“stem”) words. “Stemming” means understanding 
different words as variations of some root or stem (e.g., the words “walking”, 
“walked” and “walks” are combined into a single representation of the word). Thus, if 
the user is not careful with stemming, similar words will be displayed separately, 
each one with one weight. As a final result, the word loses expressiveness within 
the group of words. One way to prevent similar words from appearing separately is 
to apply the Porter Stemming Algorithm (Porter, 1980) in the source text, which 
groups similar words by recurrence in a wordlist. The wordlist, with the weight 
(frequency) of words (as defined in advanced options), is used in advanced options 
to create tag clouds.      
A.3 The Study Method   
Considering the fact that the title of a text “indicates the general subject,” and that 
the abstract “summarizes the essence of a publication” (Merriam-Webster, 2013), 
we decided to perform an analysis based on information from titles and abstracts of 
papers. As additional analysis, we gathered information of which conferences, 
journals, magazines and newsletters host the papers, and which affiliations support 
them.  
This method involved data collection and refinement, tag cloud generation, word 
quantification and comparison of sets. For this, the process was divided into four 
large blocks, as shown in Figure A.1. In “Data Refinement”, the goal was to gather 
information about existing publications from the data present in the ACM-DL. During 
the “Tag Clouds Analysis”, the idea was to create tag clouds from the refined data 




sources. The “Research Focus Mapping” stage was important for revealing the 
relationship among the wordlists created from the tag clouds. The “Overview 
Analysis” was important for finding out which research institutions are the most 
frequent, as well as which countries, journals and conferences were most frequent 
for a given area of study. 
The initial step involved to use the Data Source (item 2 in Figure A.1) of the 
ACM-DL portal (item 1 in Figure A.1) to find out specific EuroITV publications and 
other publications related to iDTV. To find the EuroITV publications (item 3 in Figure 
A.1), it was necessary to refine the search by “Events” in the “Refine your search by 
Conferences” field, and also to use “EuroITV” as a search term. We searched for 
proceedings of each year, and the conference papers collection was found from the 
“Table of Contents”. In this study, publications between 2009 and 2012 were 
collected. To find other iDTV publications (item 4 in Figure A.1), the search involved 
the publication period between 2009 and 2012, and it was refined by the 
“Interactive” and “Digital TV” keywords. The search was expanded to include “The 
ACM Guide to Computing Literature”, where there are more than 2 million records of 
bibliographic citations from major publishers in the computing field. It includes the 
complete collection of ACM publications and an index for publications of other 
organizations affiliated with ACM (e.g., Evolutionary Computation, Journal of 
Usability Studies, Personal and Ubiquitous Computing and The International Journal 
on Very Large Data Bases). As a result, 434 items were found. They included the 
most important conferences, magazines and scientific journals, such as EuroITV, 
WebMedia, CHI, Computers & Education, and the Multimedia Tools and 
Applications, among others. For the sake of simplicity, the other iDTV publications 
also are called just ACM-DL (e.g. tables and captions). 
The searches resulted in two publication lists (item 5 in Figure A.1) from which 
the relevant information (for this study) was manually extracted (item 6 in Figure 
A.1). For the EuroITV publications (item 7 in Figure A.1), it was possible to group 
the titles, abstracts, affiliations and affiliation location of the papers published in 
conferences between 2009 and 2012. For the other iDTV publications (item 8 in 
Figure A.1), in addition to the information grouped to EuroITV, the location and 
conference names related to the publications were identified. In the second case, an 
extra refinement of the results was necessary (item 9 in Figure A.1) in order to 




proceedings names). The final data represents 347 papers used in this study. The 
removed data (87 items) was separated into another file for further analysis. 
The “Data Refinement” resulted in: i) the data ready for tag cloud generation, 
containing all titles and abstracts assigned to 2 files, one for EuroITV and the other 
for other iDTV publications; ii) a large table with extra information (e.g., affiliations, 
affiliation countries and publication year) for EuroITV publications; and iii) a large 
table with extra information for other iDTV publications (e.g., affiliations, published 
in, publication year and conference location). 
The Porter Stemming Algorithm (Porter, 1980) (item 10 in Figure A.1) was 
applied in order to generate wordlists with the weight of each word (item 11 in 
Figure A.1). With the wordlists ready, tag clouds were created with (Wordle, 2014) 
(item 12 in Figure A.1), for each group of data (EuroITV and ACM-DL), from the 
titles and abstracts of publications. The advanced features were used for each data 
set: parameters such as language of text (defined as “English”), layout (defined as 
rounder edges and horizontal orientations), color (defined as black), alphabetical 
order (checked as true) and maximum words (defined as 100) were used in order to 
generate tag clouds suitable for further analysis. Different images created from 
EuroITV and other iDTV publications were then compared (item 13 in Figure A.1).  It 
was also possible to extract the list of the top 100 most recurring words in each tag 
cloud (item 11 in Figure A.1).  
Table A.1. Classification Categories 
Category Definition 
Devices Devices for interaction. 
Connectivity Types of connection and data transmission. 
Interaction User interface and features, types of interaction, concepts and other man-
machine relationships. 




Methods, studies and other formal issues related to technology. Systems, ap-
plications protocols and languages related to iDTV. 
 
During the “Research Focus Mapping” stage, to emphasize the highlights 
observed in the tag clouds, we seek for specific groups of words in the top 100 most 
recurring words. The words were allocated in the categories relevant to the iDTV 
ecosystem (item 15 in Figure A.1). The initial categories and the criteria used to 
classify the words are described in Table A.1 (item 14 in Figure A.1). The categories 




of the iDTV field on devices (such as second screens) (Doughty et al., 2012; 
Fonseca and Ferraz, 2012; Pedrosa et al., 2012), types of interaction (Berglund and 
Johansson, 2004; Bobeth et al., 2012), connectivity (Viana et al., 2009), and users 
(Cesar et al., 2008; Rice and Alm, 2008). After the first stage of classification, the 
“Methods and Systems” category seemed necessary, and was also included in the 
table.  
 





 “Overview Analysis” was performed using the two large data sets (EuroITV and 
other iDTV publications) created with extra information. For this, the data was 
organized into specific tables (item 19 in Figure A.1), such as: Journals and 
Magazines (item 17 in Figure A.1): which and how many publications come from 
journals and magazines (only for other iDTV publications); Conferences (item 17 in 
Figure A.1): represents which and how many publications come from other 
conferences (only for other iDTV publications); Years and Countries (item 18 in 
Figure A.1): how many papers were published per year and country (EuroITV and 
other iDTV publications); Affiliations (item 18 in Figure A.1: which institutions most 
often host iDTV studies (EuroITV and other iDTV publications); and Affiliations per 
Country (item 18 in Figure A.1): how many different institutions (determined by the 
papers´ authors) and which countries these institutions are located in (EuroITV and 
other iDTV publications); 
The extra information analysis (item 20 in Figure A.1), along with the tag clouds 
created (item 12 in Figure A.1) and the analysis of words classification in categories 
(item 16 in Figure A.1) all support the discussions (item 21 in Figure A.1) in the 
following sections. 
A.4 Synthesis of Results and Discussion 
Based on the material produced during the “Data Refinement” stage and the 
information provided in the ACM-DL, it was possible to count the number of 
publications, the total number of words contained in all titles and abstracts for each 
group of papers. For EuroITV 161 papers with 23919 titles’ and abstracts’ words 
were analyzed. For ACM-DL 347 papers with 54555 words were analyzed. 
Altogether, more than 500 papers and more than 78,000 words were gathered. The 
tag clouds created and shown in Figure A.2 and Figure A.3, were generated from 
valid words of the data collection. To emphasize the differences between the word 
sets, the more recurrent words, common to both sets, were omitted from the tag 
clouds shown in this paper. The omitted terms are “Interactive”, “Digital”, 
“Television” and “TV” (both the terms and their variants used in the search), and the 





Figure A.2. EuroITV Tag cloud 
  
Figure A.3. ACM-DL Tag cloud  
In a comparative analysis between the two images (Figure A.2 and Figure A.3) 
it’s possible to observe that: 
 “User”, “Content” and “Media” are the most frequent words in the EuroITV set, 
followed by “Services” and “Study”. 
 “System” and “Applications” are the most prominent words in the ACM-DL set, 
followed by “Services”, “Video” and “User”. 
 “Content” and “User” appear frequently in ACM-DL, but with less emphasis than 
EuroITV. Inversely, the words “System” and “Application,” appear with less em-
phasis in EuroITV than in ACM-DL.  
 “Services” and “Technologies” appear at the same salient level in the two tag 
clouds, but “Services” appears with more frequency than “Technologies”. 
 “Video” appears at the same salient level in both sets of words. “Media” appears 
with more emphasis in the EuroITV set. 
 “Study”, “Results” and “Research” appear more frequently in the EuroITV set, 




 “Social” and “Experience” appear in EuroITV conferences more frequently than in 
the ACM-DL set. 
 “Design” appears with more emphasis in the EuroITV set. 
 Both conferences use the word “Mobile” with similar emphasis.   
 “Network”, “Model” and “Environment” are more salient in the ACM-DL set. The 
same result occurs with the words “Architecture”, “Framework” and “Develop-
ment”.  
In summary, Figure A.2 and Figure A.3 suggest that the EuroITV set seems to 
put more emphasis in the user experience (e.g., “User” and “Experience”), as well 
on the applications design (e.g., “Design”), social issues (e.g., “Social”), media (e.g., 
“Media”)  and research (e.g., words “Study” and “Research”), while the ACM-DL set 
reveals more technological issues (represented by the words “System”, 
“Application”, “Technologies”, “Network”, “Architecture”, “Framework” and 
“Development”).  
As for the results of the “Research Focus Mapping”, Table A.2, Table A.3 and 
Table A.4 present the subsets of words created from the words found in tag clouds 
and classified in the categories defined in Table A.1. The first set (Table A.2) 
gathers the common words that appear in EuroITV and ACM-DL. The second and 
third sets refer to the words appearing exclusively in ACM-DL (Table A.3) or 
EuroITV (Table A.4), respectively. The last column of tables shows the number of 
words associated with each category, and the last row shows the unclassified 
words.  The percentage was computed from the total number of words classified in 
the set. 
Table A.2 shows that most of the 53 words in common are associated with 
“Methods and Systems” (17 words) followed by “User” (9 words). Table A.3 refers to 
the words appearing exclusively in ACM-DL, and its shows that most of the words 
are also associated with “Methods and Systems”. Table A.4 refers to the words 
appearing exclusively in EuroITV publications. We observe that most of the words 
are distributed in similar proportion across the “Interaction”, “Users”, and “Methods 
and Systems” categories, followed by the “Devices” category. Words associated 






Table A.2. Classification of Common Words  
Category Common Words 53 words 
Devices mobile,  devices,  control 5.66% (3) 
Connectivity network,  web,  iptv, internet,  broadcasting 9.43% (5) 
Interaction interface, communication 3.77% (2) 
Users 
user, environment, people, experience, social, home, con-
text, services, learning 
16.98% (9) 
Methods and Systems 
development, standard, research, design, study, approach, 
architecture,  model, analysis, system, applications, video, 
technologies,  media, data, evaluation, platform 
32.07% (17) 
17 Unclassified words: present, based, used, proposed, different, results, concept, case, needs, important, 
allows, content, provide, order, support, information, work 
 
Table A.3. Classification of ACM-DL Words  
Category ACM-DL Words 47 words 
Devices dtv,  idtv 4.25% (2) 
Connectivity --- 0.0% (0) 
Interaction selection, collaborative, personalized 6.38% (3) 
Users live, brazilian, knowledge 6.38% (3) 
Methods and Systems 
framework, method, techniques, computing,  semantic, 
scheme, multimedia, program, ncl, 3d, image,  declarative, 
performance, efficient, coding, language, processing 
36.17% (17) 
22 unclassified words: offer, become, create, possible, including, marketing, several, recommendation, 
specific, increasing, considered, generation, quality, solution, features, access,  objects, management, inte-
grated, multiple, resources, structure 
Table A.4. Classification of EuroITV Words  
Category EuroITV Words 47 words 
Devices screen, itv, 3dtv, remote 8.51% (4) 
Connectivity --- 0.0% (0) 
Interaction feedback, watching, viewing, usage, share, living  12.76% (6) 
Users viewers, participants, role, audience, consumer 10.63% (5) 
Methods and Systems 
process, methods, production, integration, project,  prac-
tices 
12.76% (6) 
26 unclassified words: related, creating, future, adoption, describe, factors, enables, number, potential, 
explore, changes, conducted, current, main, shows, insights, towards, advertising, consumption, interest, 
market, convergence, field, problems, issues, discuss 
 
A comparison of Table A.2, Table A.3 and Table A.4, with 50% of the top 100 
most recurring words in common suggests that the research corpora of EuroITV and 
ACM-DL are aligned, and most of them involve technical issues (see Table A.2). 
However, EuroITV has slightly more words related to “Interaction”, “Users”, and 
“Devices” individually (see Table A.4), while ACM-DL has more “Methods and 
Systems” words (see Table A.3). In addition, there is a low frequency of words 
regarding concepts related to “Devices”. “Mobile” and “Screen” are the main words 
related to this category. Words such as “Tablet” and “Smartphones”, which are 




frequent words. The same results occurred when concepts related to “Interaction” 
were analyzed. Among the 100 most frequent words, there were no words such as 
“Gestures” or “Voice”, and only a few references to passive types of interaction were 
found (e.g., “Watching” and “Viewing”). In the “Connectivity” category, few words 
were found (e.g., “Network” and “Internet”) overlap between the two groups of data. 
Words related to “Users” are a bit more frequent in the set of words (e.g., 
“Experience” and “Social”). Most of the words that appeared in the tag clouds are 
related to “Methods and Systems”. These include “Design”, “Architecture”, 
“Applications”, and “Data”. 
All categories were analyzed, and the findings show that most words are directly 
related to technical issues (“System and Methods”). “User” is the second most 
frequently considered category, but its emphasis is much less significant. Words 
related to the “Interaction” category are few in number, especially those related to 
new ways for users to interact more actively. The “Connectivity” category also is 
only slightly emphasized. The same scenario happens in the case of the “Devices” 
category, in which the word “Mobile” is the most frequently used in research from 
the iDTV field.  
As a result of the “Overview Analyses”, tables (Table A.5, Table A.6, Table A.7, 
Table A.8, Table A.9, Table A.10 and Table A.11) were created to organize the 
information. In the tables whenever the relative frequency is displayed, the number 
of occurrences of this information appears next in parentheses. 
Table A.5. Publication Frequency per Journals 
Publication Percentage 
Multimedia Tools and Applications 19.48% (30) 
Computers in Entertainment (CIE) (Magazine) 7.14% (11) 
Expert Systems with Applications: An International Journal 5.19% (8) 
Pattern Recognition 3.90% (6) 
Telecommunications Policy 3.90% (6) 
Telematics and Informatics 3.25% (5) 
Computer Standards & Interfaces 2.60% (4) 
International Journal of Advanced Media and Communication 2. 60% (4) 
62 Other Journals, Magazines and Newsletters  51.95% (80) 
* 70 different Journals, Magazines and Newsletters 




Table A.5 shows the frequency of other iDTV papers published in journals, 
magazines and newsletters. Here, we also found 2 books, which were not included 




Applications” journal (over 19%), followed by the “Computers in Entertainment” 
magazine (over 7%). We found less of 10 papers in each one of other journals. 
Altogether 70 different journals, magazines and newsletters were found that 
addressed the issue of iDTV. Most of them (over 67%) have only one publication. 
The total number of publications (154) was used to calculate the frequency of the 
publications for each journal. 
Table A.6. Publications per Conference 
Abbreviation Conference Name Percentage 
WebMedia Brazilian Symposium on Multimedia and the Web 14.14% (27) 
SAC ACM Symposium on Applied Computing 5.76% (11) 
DocEng ACM Symposium on Document engineering 4.19% (8) 
IHC Brazilian Symposium on Human Factors in Computer Systems 2.62% (5) 
MoMM 7th International Conference on Advances in Mobile Compu-
ting and Multimedia 2.62% (5) 
CCNC IEEE Conference on Consumer Communications and Net-
working Conference 2.09% (4) 
UAHCI International Conference on Universal Access in Human-
Computer Interaction 2.09% (4) 
 107 Other Conferences 66.49% (127) 
 * 114 Different Conferences 




Table A.6 shows the list of papers per conference that were published between 
the years 2009 and 2012. Most articles (27 papers, resulting in over 14%) were 
found on “Brazilian Symposium on Multimedia and the Web” (Webmedia) followed 
by the “ACM symposium on Applied Computing” (over 5%) and the “ACM 
symposium on Document engineering” (over 4%). In many of the conferences (over 
79%), only one publication regarding iDTV was found. This shows that, apart from 
EuroITV, there are no conferences with exclusive focus on the subject.  
Table A.7. Publication Frequency per Institution 
EuroITV ACM-DL 
Affiliation Name / Country Percentage Affiliation Name / Country Percentage 
Ghent University (Belgium) 8.07% (13) University of São Paulo (Brazil) 6.05% (21) 
University of Salzburg 
(Austria) 
5.59% (9) Pontifical Catholic University of Rio 
de Janeiro (Brazil) 
4.61% (16) 
Vrije Universiteit Brussel 
(Belgium) 
4.97% (8) University of Vigo(Spain) 4.32% (15) 
University of Siegen (Ger-
many) 
4.35% (7) Federal University of São Car-
los(Brazil) 
4.03% (14) 
Federal University of Ama-
zonas (Brazil) 
3.11% (5) Ghent University(Belgium) 2.88% (10) 
*145 Different Institutions Total: 161 
publications 






Table A.7 shows which institutions are more present in EuroITV or in other iDTV 
publications. In EuroITV, the “Ghent University (Belgium)” participated of 13 articles 
(over 8%) among 161 articles published between 2009 and 2012, followed by 
“University of Salzburg (Austria)” (9 papers) and “Vrije Universiteit Brussel 
(Belgium)”  (8). For other iDTV publications, the “University of São Paulo (Brazil)” 
(21) published more papers, followed by the “Pontifical Catholic University of Rio de 
Janeiro (Brazil)” (16) and “University of Vigo (Spain)” (15). 
Table A.8. Number of iDTV Research Institutions per Country 
EuroITV ACM-DL 
Country Percentage Country Percentage 
Germany 9.66% (14) Brazil 13.74% (47) 
The Netherlands 9.66% (14) Spain 8.19% (28) 
United Kingdom 8.97% (13) China 8.19% (28) 
Belgium 6.21% (9) USA 7.89% (27) 
USA 6.21% (9) United Kingdom 6.14% (21) 
*29 Different Countries Total: 145 Insti-
tutions 
* 44 Different Countries Total: 342 Insti-
tutions 
 
Table A.8 shows the number of research institutes per country that are hosting 
EuroITV and other iDTV publications. These research institutes were mapped out 
within the home country. In the case of EuroITV (at left in the table), the countries 
with the majority of research institutes are Germany and the Netherlands (14 that 
represent over 9% of 145 institutions that published in EuroITV), followed by United 
Kingdom (13), and then Belgium and USA (9). For other iDTV publications, the 
country with more research institutes is Brazil (47 in 342), followed by Spain and 
China (28), and then USA (27).  
Table A.9 shows the frequency of publications per year of EuroITV conferences 
and other iDTV publications. The number of publications has not increased in recent 
years. This includes data from EuroITV, which is the main conference in the iDTV 
field.  
Table A.9. Frequency of Publication per Year 
 EuroITV ACM-DL 
2009 22.4% (36) 35.5% (123) 
2010 32.3% (52) 23.05% (80) 
2011 24.8% (40) 21.6% (75) 
2012 20.5% (33) 19.9% (69) 





Table A.10 shows the number of EuroITV (left) and ACM-DL (right) for each 
country which publications genuinely are located in, respectively.  It is important to 
note that in the ACM-DL portal, not all publications have affiliations or affiliation 
countries. For some of them, this information was found through additional searches 
(e.g., looking for other publications by same author in the ACM-DL, university 
websites, etc.). However, not all of them could be found and computed. In the case 
of EuroITV, all of them were found. The total number of publications was used to 
calculate the frequency of the publications for each country. 
Table A.10. Frequency of EuroITV and ACM-DL per Country 
EuroITV ACM-DL 
Country Percentage Country Percentage 
Belgium 15.53% (25) Brazil 26.30% (91) 
Brazil 8.70% (14) Spain 10.98% (38) 
Germany 8.07% (13) USA 5.49% (19) 
USA 8.07% (13) China 4.34% (15) 
Portugal / The Netherlands 5.59% (9) Taiwan 4.05 % (14) 
Other 19 Countries 33.54% (54) Other 33 Countries 37.17% (129) 
Joint 14.91% (24) Joint 9.54% (33) 
Info Not Found 0.00% (0) Info Not Found 2.02% (7) 
* 29 Different Countries  Total: 161 
publications 





As shown in Table A.10, the country that most published in EuroITV conferences 
between 2009 and 2012 was Belgium (over 15% of publications). With more than 
8% are Brazil, Germany and USA, and with more than 5% are the Netherlands and 
also Portugal. The other countries (that published alone) represent more than 33% 
of the publications. Joint publications (with more than one country involved) 
represent over 14%. For other iDTV publications, Brazil has over 26% of the 
publications. Spain is in second with more than 10%. Between 4% and 6% are USA 
(over 5%), China (over 4%) and Taiwan (over 4%).  
Analyzing Table A.7, Table A.8 and Table A.10, Brazil stands out for its number 
of researcher institutions and publications. This can be explained by the fact that, 
since the beginning of iDTV implantation in Brazil in 2007, researchers and 
normatization institutions, private companies and government alike are in an intense 
definition process for the Brazilian standard to attend the economic, social and 
geographic characteristics of a country as large and unequal as Brazil (Fernandes 




All countries found in the analysis are marked with flags in Figure A.4. The blue 
flags represent the countries that published in EuroITV in recent years. Red flags 
represent the countries that published in other conferences or journals in the area. 
The countries involved in iDTV research is mainly concentrated in Europe, as Figure 
A.4 illustrates. All together, 48 different countries were identified in the both groups 
of publications. 
 
Figure A.4. Affiliation Countries that Published on iDTV 
Finally, Table A.11 shows the frequency of publications for each continent. 
Europe has more publications in the iDTV area in both EuroITV (over 65%) and 
other iDTV publications (over 38%). America is the second largest source of 
research publications in both groups. In this case, Brazil has most of the 
publications. In third place, Asia publishes more in both groups. In Australia and 
Africa, the number of publications is very small. The scenario represented by Table 
A.11 can also be seen in Figure A.4, where most of the countries that publish on 





Table A.11. Frequency of Publication per Continent 
Continent EuroITV ACM-DL 
Europe 65.22% (105) 38.9% (135) 
America 16.77%(27) 32.56% (113) 
Asia 2.48% (4) 15.56% (54) 
Oceania 0.62% (1) 0.86% (3) 
Africa 0.00% (0) 0.29% (1) 
Joint 14.91% (24) 9.80% (34) 
Info Not found 0.00% (0) 2.02% (7) 
 Total: 161 publications Total: 347 publications 
A.5 Conclusion 
The new devices incorporated into the modern world are changing the way we 
interact and communicate. iDTV can be considered an emerging technology into an 
ecosystem of media which has not yet been explored to its full potential. Getting an 
overview of the main issues that have been addressed in recent years in the field is 
a way to identify lacking issues and research opportunities. Thus, this paper sheds 
light on the main focuses of research addressed by EuroITV and other iDTV 
publications from the ACM-DL, and these focuses are reflected in words from the 
contribution titles and abstracts. 
Among the highlights, the results suggest that EuroITV and other vehicles 
addressing iDTV issues have over 50% of their most recurrent words in common, 
and this result suggests similarity in research focus; nevertheless, EuroITV reveals 
a unique focus on human issues, and addresses words such as design, user 
experience and social more than the other vehicles taken together. ACM-DL reveals 
more about application development, systems, network, framework and 
architecture. The analysis also suggest that research categories more related to the 
user experience and new interaction modes, quoted by authors such as (Berglund 
and Johansson, 2004; Bobeth et al., 2012; Cesar et al., 2008; Doughty et al., 2012; 
Fonseca and Ferraz, 2012; Pedrosa et al. 2011; Rice and Alm, 2008; Viana et al., 
2009), are still being modestly discussed in iDTV publications. It was still possible to 
identify that most of the terms in the data involve systems and methodological 
issues.  
To illustrate some gaps identified in this study, future studies could consider the 
TV within a digital and social ecosystem. For instance, research could look into new 
devices that can be used collaboratively with the TV (second screens), connectivity 




wider context than that of the TV room), types of interaction (natural, intuitive, and 
for all). This research suggests opportunities for studies bringing more studies on 
the human- and device-related issues to the iDTV field. 
Additional analyses reveal that many iDTV studies that were affiliated with 
Brazilian institutions have appeared in recent years. This scenario may be a result 
of the TV digitalization processes that started in 2007, and the social demands of 
the Brazilian context (Fernandes et al., 2004).  
In a further study, we intend to explore the “interaction” aspects of iDTV concepts 
to bring subjects such as user motivation and affective aspects to the design of 









Socio-Technical Barriers Induced by the Design of 
Emerging Technologies  






Emerging technologies may impose barriers on groups of people or even the whole 
society. These barriers are of a socio-technical nature and impact the acceptance, 
adoption and use of technology. In this paper we investigate Interactive Digital TV 
(iDTV) as an example of such emerging technology. We identify and discuss socio-
technical barriers that arise in the domain of iDTV. As our method, we present, 
analyze and discuss a study of iDTV application design situated in the real context 
of a Brazilian broadcasting company. News and documents from the Brazilian 
Digital TV Forum portal were used to understand external forces that act on Digital 
TV and the society. Our findings indicate that iDTV acceptance is negatively 
influenced by project decisions that do not consider socio-technical constraints, and 
also the beneficial of the “Socially Aware Computing” perspective to propose design 
solutions that make sense for stakeholders, including end-users. 
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When trying to access or use emerging technologies, people often face socio-
technical barriers that range from affordability to social and technical acceptance 
and that include cultural and (socio-) cognitive aspects such as values and 
motivation. As Bannon (2011) argues, “the sophisticated and complex technologies 
available to us” can “confuse us—or even worse, disable us”. These barriers have 
their roots in the outset of ideation and design. Few theoretical and methodological 
references are available to inform design and evaluation of emerging technologies 
in the scenario of a society mediated by information and communication 
technologies (Harrison et al., 2007). 
These barriers tend to increase when the design decisions to solutions are 
motivated mainly by the interests of governments, industry and service providers in 
detriment of potential benefits or drawbacks for direct and indirect users (Broeck 
and Bauwens, 2009). In situations where the introduction of a new technology is 
imposed by norms and laws, the population may not be prepared to receive such 
technologies, especially those most in need, such as the elderly, disabled, and 
people in unfavorable socio-economic situations (Quico et al.,2012). 
In this paper, we discuss such barriers and show how they appear in a real 
design context, how they are identified, influence design decisions, and how 
designers might deal with them to minimize their impact. The background scenario 
of our study is interactive Digital TV (iDTV) in the Brazilian context. Digital TV is an 
emerging technology in Brazil and many other countries (SBTVD Forum, 2017), and 
the Brazilian government considers it a promising medium for the dissemination of 
information and for fostering social and digital inclusion by reducing barriers that 
prevent the participatory and universal access of Brazilian citizens to knowledge 
(Brazil, 2003). 
Our study is situated in the real context of EPTV (2017) – a Brazilian 
broadcasting company with an audience reach of more than ten million people. The 
study resulted in a prototype for an iDTV application that aims at encouraging and 
motivating viewers to interact with the TV. The main goal of the discussion 
presented in this paper was to understand the challenges that arise during the 
design of an emerging technology in a situated perspective. To understand 




available in the Brazilian Digital TV System Forum website (SBTVD Forum, 2017), 
an entity that brings together the main stakeholders concerned with Digital TV in 
Brazil.   
The paper is organized as follows: Section B.2 introduces the background 
scenario of our study, including the socially aware approach proposed to design an 
iDTV application in the situated context of a TV show. Section B.3 describes the 
study for identifying barriers to be addressed during the design of an iDTV 
application. Section B.4 presents the barriers found in the study. Section B.5 shows 
the design solution proposed by the EPTV team to address the barriers found; it 
also presents and discusses the main findings from the study, Section B.6 presents 
our final considerations and directions for further research.  
B.2 Background 
Digital TV was launched in Brazil in 2007. The city of São Paulo was the first city to 
receive the digital technology, which gradually extended to other cities and 
metropolitan areas. However, in most Brazilian cities digital transmission is still 
being offered by a few broadcasters, depending on the population density, market 
prospects and feasibility inherent to local broadcasters (SBTVD Forum, 2017). 
The implementation of Digital TV in Brazil was conducted in collaboration with the 
SBTVD Forum. The SBTVD Forum’s important mission is to support and stimulate 
the standardization and quality assurance of the transmission and reception of 
digital signal (e.g., audio, video and protocols) and data (e.g., iDTV applications). 
Moreover, it promotes and coordinates technical meetings among receiver and 
transmission industry, broadcasters, software companies, and also representatives 
of the research entities, education and federal government that develop activities in 
Terrestrial Digital TV (e.g., technical, marketing, and promotional issues). The 
Forum is also responsible for an information portal with news and documents, and it 
is the main communication channel with the population (SBTVD Forum, 2017). 
EPTV (Portuguese acronym for “Pioneer Broadcasting Television Stations”) is 
affiliate of a large Brazilian broadcaster that is member of SBTVD Forum. Currently, 
EPTV reaches part of national population that includes 300 cities with more than 10 
million people. EPTV provides for this region both regional programming (e.g., 




and national programming (e.g., soap operas and national journalism) produced by 
its parent broadcaster (EPTV, 2017). For instance, EPTV produces the “Terra da 
Gente” (TdG, “Our Land”, in English) TV show, which is focused on ecotourism, 
regional cuisine and sport fishing (TdG, 2017).  
Since 2007 EPTV has been producing digital programs with high quality of video 
and audio. In 2008, EPTV began broadcasting its programming in the digital format 
to some regions, which was gradually extended to all its regions. EPTV wants to 
add interactive content associated with its various programs in order to increase the 
viewer interests, and the first EPTV program to receive interactivity will be the TdG 
TV Show. Interactivity aims to add useful content to complement the program’s 
content, without competing for the audience’s attention (EPTV, 2017). 
Aiming at promoting interactivity with TV as something that makes sense to all 
stakeholders, and for addressing the complex challenges involved in design of iDTV 
applications, we adopted a theoretical-methodological background that favors the 
identification and understanding of the different forces that govern iDTV 
development at different abstraction levels. Following we present the adopted 
referential. 
B.2.1 Socially Aware Computing (SAC) 
“Socially Aware Computing” (SAC) (Baranauskas, 2009; Baranauskas, 2014) is a 
design approach that seeks to understand the complex relationship of signs that 
govern an organization in its complex social context in order to design a technical 
system that fits this organization. Therefore, Baranauskas (2009) argues that the 
design of a system involves a cyclical, interactive and iterative movement that 
begins with understanding the society in which the organization operates, and then 
goes through the informal and formal layers of this organization towards reaching a 
technical solution.  
SAC is grounded in Organizational Semiotics (OS) (Liu, 2000) as the main 
theoretical framework articulated with techniques from Participatory Design (PD) 
(Schuler and Namioka, 1993). On one hand, while OS provides artifacts that can 
look systemically for socio-technical layers of an organization, on the other hand, 
PD allows different stakeholders to discuss their concerns about the system in a 
participatory way. To understand the organization situational context and the role of 




stakeholders, an heterogeneous group of people who influence and are influenced 
by the system to be developed, not only the end-user (Baranauskas, 2014). In this 
sense, it is essential start with stakeholders from technical (iDTV examples: 
engineers and technicians), formal (e.g., producers, journalists and designers) and 
informal layers (e.g., audience). Figure B.1 shows the semiotic onion and how SAC 
design approach acts on it. 
 
Figure B.1. SAC design approach 
B.3 Practical Study  
In order to identify barriers faced during the design of iDTV applications, we mainly 
used two sources of knowledge: 
1. EPTV workshops: 4 workshops conducted inside EPTV in order to design an 
iDTV application for TdG TV show. 
2. SBTVD News: Documents and news produced by the SBTVD Forum (2017).  
Inside EPTV, we conducted four participatory workshops grounded on SAC 
approach (Baranauskas, 2009; Baranauskas, 2014). The workshops encompassed 
different design stages spanning problem clarification, solution prospection, 
requirements identification, content and prototyping ideas, the creation of the user 
interface for the prototype, and prototype evaluations (see Figure B.2). Ten 
workshop participants were directly involved in the problem domain, including 
different profiles such as designers, engineers, researchers, TV program director 
and interns. The interested reader may consult (Buchdid et al., 2014a), (Buchdid et 





Complementing the knowledge from EPTV workshops, we reviewed news and 
documents shared in SBTVD Forum website since 2008. In total, we analyzed 
around 700 news distributed over the 8 years. Some news are related to the 
locations where the TV companies began operating in digital signal; and other news 
are about the status, updates and decisions about Digital TV in Brazil and Latin 
America. The Forum website has also the presidential decrees and technical 
standards (ABNT) on Digital TV. Documents are open to public access, and were 
also used to identify barriers for iDTV applications design.  
 
Figure B.2. The Design Process as an Instance of Socially Aware Computing 
These two knowledge sources (SBTVD Forum and EPTV workshops) feature 
information with different nature. On the one hand, the knowledge from the EPTV 
workshops focuses on the barriers that a TV company may face on situational 
context that involve from technical to social layers, including society. On the other 
hand, the knowledge gained from the SBTVD Forum (2017) website applies to 
technical and formal contexts of the focal problem (iDTV application design); it 
considers all the necessary infrastructure for production and transmission of Digital 
TV in Brazil, including iDTV applications. For example, this infrastructure defines 
transmission constraints (e.g., types of modulation), and the basic requirements 
(minimum and maximum features) receivers must attend to receive the digital 




languages and hardware configurations for the transmission and reception of iDTV 
applications.   
In the next section, we describe some of the barriers faced for designing iDTV 
applications encountered during both EPTV workshops and analysis of new and 
documents produced and posted in the SBTVD’s Forum portal. 
B.4 Preliminary Findings and Discussion 
This section presents and discusses barriers found in both contexts (SBTVD Forum 
and EPTV workshops). Barriers marked with the letter “E” (External) came from the 
knowledge from SBTVD Forum, while barriers marked with the letter “S” 
(Situational) were identified in the context of EPTV and came from the situational 
context. 
Geographical barriers (E): on December 2014, the SBTVD Forum reported that 
“the Japanese-Brazilian digital TV system reaches more than 89 million Brazilians in 
425 municipalities, including all the country’s capitals, according to the Ministry of 
Communications” (SBTVD Forum, 2017). Brazil is the 5th largest country in terms of 
territory and population (around 200 million people); 89 million people represent 
around 44% of the population receiving the digital signal. This shows that 64% of 
the population does not receive the digital signal yet; this represents a barrier once 
people that do not receive the digital signal will not be able to interact with iDTV 
applications.  
Economic barriers (E+S): economic barriers prevent the viewer to receive the 
digital signal and access television applications. According to news published in 
September 2014: “Public broadcasters receive government support, but private 
companies, which are the vast majority, need resources to make the investment.” In 
addition, “the high tax burden was also cited as an obstacle” and “30% of the final 
value of the product is the result of taxes. A reduction of the tax burden could speed 
the deployment of transmission equipment in the cities” (SBTVD Forum, 2017). In 
summary, this kind of news shows that although 44% of the population are reached 
by the digital signal, only part of TV companies are transmitting digital signal to 
certain places. 
For the Reception Industry there are economic challenges in order to develop 




economically viable for viewers but also have to be compatible with the Brazilian 
standard for Digital TV (ABNT). In this regard, the industry has to customize 
production costs and also the chipsets that compose the receivers.    
For TV companies, new technologies also involve financial resources for 
development and for maintenance. The workshop participants commented that “it is 
not difficult to find qualified professionals to develop iDTV applications, but to find 
resources to hire employees to perform services that are outside the scope of TV 
company production chain.” In this sense, investing in new technology should 
involve the prospect of financial and knowledge return to the TV company. 
Viewers also have to deal with economic challenges. In 2007, São Paulo was the 
pilot city to receive digital signal. However, as reported in news published in 
September 2014: “1/3 of the São Paulo population still use tube televisions” in the 
analog version (SBTVD Forum, 2017). News published in February 2015 report that 
the Federal Government created an assistance program to distribute “digital signal 
receivers to families enrolled in the assistance program”. There are government and 
industry forces to these receivers “mandatory incorporate the interactive capacity” 
within their features (SBTVD Forum, 2017). 
Socio-Political and Socio-Cultural Barriers (E+S): Digital TV was influenced 
by political strategies and presidential decrees that established the SBTVD. Among 
other things, the SBTVD was created to “promote social inclusion, cultural diversity 
of the country” and to “stimulate the research and development, and encourage the 
expansion of Brazilian technologies and national industry related to information and 
communication technology” (Brazil, 2003). Another objective, as reported in SBTVD 
Forum news published in December 2014, is related to release of bandwidth used 
by analog TV signal so that it would be possible to create the “infrastructure to 
support the sign for the fourth-generation Internet (4G)” (SBTVD Forum, 2017). 
Thus, the iDTV in Brazil is an initiative of both government and industry, not 
necessarily a necessity claimed by society. Thus, these barriers are limiting, 
although not preventing the design of iDTV applications. 
In addition, the Brazil is a country with high level of socio-cultural inequalities. 
The high diversity of users (regarding age, skills, gender, intentions, literacy, special 
needs) may influence directly on the design of iDTV applications. In the EPTV 




audience is an issue that would hardly be treated”. These barriers improve the 
challenges to designing iDTV solutions.  
Technical barriers (E+S): Infrastructure to digital TV should be flexible so that 
different manufacturers (receivers and transmitters), TV companies and viewers 
could use the digital TV according to their needs. This technical diversity ensures 
that manufacturers produce receivers and transmitters of different types and a “set 
of essential features required by devices” (ABNT, 2015). A technical barrier faced 
during design came from iDTV receivers’ companies: to gain economic advantage, 
they produce devices with limited processing and memory capacity. For the 
workshop participants “receivers from some brands not are in accordance with 
Brazilian Digital TV standard”. Thus, “iDTV applications may run incorrectly or even 
block the receiver”. For Kunert (2009) other technical challenge is related to the 
absence of input resources (keyboard and mouse). In this sense, the application 
should have few resources and functionalities that would enable users to interact 
with it in a pleasant way.   
Kunert (2009) also argues that every emergent technology suffers from a lack of 
references, processes and artifacts for supporting their design. For workshops’ 
participants, designing iDTV applications is a novelty activity, and a design process 
to guide them is essential to develop the first iDTV applications for TdG TV show. 
The interactive channel, which is the communication channel between viewers 
and broadcasters via the Internet, is not a reality for part of national population yet. 
This problem comes from geographic and economic barriers and is directly reflected 
in the technical solutions to be implemented for the design of iDTV applications. For 
example, if the TV company wants to create a poll in order to identify the 
satisfaction of viewers regarding a particular program, the interactive channel will be 
necessary. On the one hand, while some workshop participants were against the 
use of the interactive channel, on the other hand, other participants pointed out the 
usefulness and benefits of functionalities that might be obtained with the interactive 
channel. 
Use barriers (E+S): Workshop participants argued that “an iDTV application for 
the TdG TV show must use features that the TV offers and should not need any 
additional resource from viewers”. This barrier is directly related to economic 




An additional use barrier is the diversity of devices surrounding the TV, and 
competing for the users’ attention. Currently, as devices are even more present in 
our everyday lives it is difficult to build attractive solutions that are restricted to a 
single device. Thus, analyzing the potentialities and resources from these 
technologies and bringing these resources and knowledge can be a differential to 
design solutions that have a good acceptance by their target audience. 
Kunert (2009) also mentions the lack of habit to interact with television content 
and the usual presence of other viewers in the same physical space as habits of 
use from analogical TV that impact negatively on iDTV usage. 
Organizational barriers (S): Workshop participants reported that “any iDTV 
television created by the parent company or subsidiaries must follow a set of 
premises that work as a pattern to be followed by the companies. These premises 
define constraints on the layout type to be used by the iDTV application. Moreover, 
the participants defined a premise that the application should complement the 
program content. “This barrier partially limits the design options for an iDTV 
application. In this case, the participants should propose creative solutions that 
attract the audience and do not disperse the attention of conventional viewers. 
Figure B.3 shows the identified barriers according to the layers of the Semiotic 
Onion it operates. For instance, while use and geographic barriers are located in the 
Semiotic Onion’s outside layer, technical and organizational barriers are closer to 
the Semiotic Onion’s core layer. 
 





B.5 Designing Solutions to Address the Barriers 
In this section we present the solutions proposed by participants from EPTV 
workshops to lower the barriers pointed out in the previous section. Figure B.4 
shows some elements of a prototype of the first designed application. The design of 
the prototype was informed by participatory workshops with the EPTV team. In the 
remainder of this section, we use this prototype to illustrate design solutions that 
have been proposed by the participants in order to address the identified barriers. 
 
Figure B.4. Prototype screenshot 
Geographical barriers (E): To face geographical barriers, TV companies should 
have access to the infrastructure of digital technology. Thus, new production and 
transmission equipment must be purchased to replace analog technology. 
Currently, EPTV reaches the full coverage area with a digital signal. Therefore, the 
design of an iDTV application for the TdG TV show would not suffer from this kind of 
geographic barriers.  
Economic barriers (E+S): EPTV is a pioneer in the production and transmission 
of the digital TV signal. Thus, the economic constraints come from the receiver 
industry and viewers. Accordingly, some viewers still use analog technology or use 
digital receivers that do not support the interactive channel. Thus, only some 
viewers are able to receive iDTV applications. In this sense, the TdG application 
being developed must accommodate both users that want and can interact with 
iDTV applications and those who cannot or do not want to interact with such 
applications. Receivers without interactivity automatically discard data regarding 
applications and no action needs to be performed. For viewers who have receivers 
with interactivity, workshop participants opted for a discrete initial icon (see detail D 




case, a user action is required (e.g., press a remote control key) for the application 
to open on television. Thus, users who do not want to interact will not feel 
uncomfortable with an iDTV application opening without their consent. 
Regarding financial resources for the development and maintenance of the iDTV 
application, the workshop participants stressed the importance of easy 
maintenance. Thus, the application must be maintained by the engineering or 
production team without the need to hire new employees.  
Technical barriers (E+S): The strategy adopted by the participants in order to 
deal with limited processing and memory capacity during the application design was 
to propose a simple application with clean layout and few images (see details A and 
B in Figure B.4), compatible with the hardware performance. This application is also 
easy to broadcast as it is small and will not require a large bandwidth. Furthermore, 
the iDTV application must be able to automatically customize functionalities as Poll 
or Quiz after identifying the existence or absence of the interactive channel. These 
functionalities should be present or absent from the application interface depending 
on the existence of the interactive channel.  
To deal with the receptors that are not in accordance with the Brazilian Digital TV 
standard, the workshop participants suggested that applications must strictly follow 
the standard. Final application must also be tested in receptor of several brands 
before being transmitted with the TdG TV show. 
Socio-Political and Socio-Cultural Barriers (E+S): A social-cultural barrier is 
related to diversity (cognitive, educational, physical, socio-economic, cultural) of 
Brazilian viewers. In this case, the participants chose to work with few menu options 
(to reduce cognitive load – see detail A in Figure B.4) and attractive features (for 
people with high technology affinity – see details B and C in Figure B.4) to attract 
and motivate different profiles of viewers. For instance, detail C in Figure B.4shows 
a Fishing Game: a ludic game to maintain attention from viewers while they watch 
the TdG TV show. In this case, fishes will appear on the screen and the viewers 
must select a different remote control key to fish them. 
Use barriers (E+S): Workshop participants established that “the remote control 
should be the main interaction device.” Although the remote control presents 
several problems regarding the lack of inputs and the difficulty of interaction, it 
comes with the TV and everyone has access to it. In relation to concurrence with 




viewers to interact and/or attract the audience to the TV program. For instance, 
participants select contents (e.g., making of – see detail B in Figure B.4) and 
functionalities (e.g., fishing game – see detail C in Figure B.4) that are essential for 
the TdG show. 
Organizational barriers (S): The participants decided to follow the constraints 
determined by the parent company. For example, the layout on the screen corners 
is a suggestion from the parent company so that the application does not disturb 
users who want to see the television content while another user is interacting with 
the iDTV application. IDTV application content that complements the TV show with 
information was another suggestion followed by the participants.  
B.5.1 Discussion  
Identifying barriers in the design of iDTV applications is fundamental to propose 
design solutions compatible with the technology constraints and also with the 
interests of the organization. In this study, we pointed out barriers of different nature 
and situated in different levels (from technical to informal level) those were 
considered and influenced the design of an iDTV application for the TdG show. 
When these barriers are neglected, and when no design solutions are proposed 
to minimize them, the end-users may suffer the consequences. Minimizing these 
barriers is a challenge for most designers of such applications. In this sense, design 
approaches, such as SAC, can make the difference as there are dynamics that 
allow looking at the problem from different perspectives and levels of abstraction. In 
this sense, to propose solutions that made sense to all participants of EPTV 
workshops it was necessary to involve different stakeholders in discussions. For 
example, the interactive channel, which allows for direct communication between 
the TV company and viewers, is not present in every viewer’s house. Thus, 
technical participants were against the use of the interactive channel, while other 
participants, who enjoy new features, argued by the use of the interactive channel 
functionalities to attract the target audience. A customizable interface was the 
solution that pleased the two participant groups. 
The use of the SAC approach in a situated context seemed efficient and effective 
regarding the identification of barriers and proposal of solutions to overcome them. 
Some of these barriers (e.g., lack of human resources to create and maintain iDTV 





In this paper we discussed the importance of identifying and considering different 
barriers that may exist in the design of emerging technologies. We situated our 
discussions in the practical context of a Brazilian broadcast TV organization, where 
an iDTV application was designed for one of its TV shows. The results presented 
and discussed in this paper include the identification and situated discussion of the 
internal and external barriers related to iDTV applications design. We organized 
these barriers according to the different layers of information systems (informal, 
formal, technical). We furthermore showed that the barriers influence the design of 
iDTV applications and indicated how they might be considered during the design 
process. 
Results showed that interaction design in this situated context does not involve 
only the relationship between humans and computers, but also social, technological, 
political, cultural, and motivational issues. Ignoring these issues during software 
design might result in solutions that do not make sense to stakeholders and end-
users. Discussions also pointed out the effective contribution of SAC to understand 
this scenario (audience, interests and barriers) in techno-social dimensions. In 
addition, we argue that industry, government and investors impose iDTV technology 
and its ecosystem, and decide on solutions for their own benefit, neglecting the 
interests of the most important stakeholder group: the end-users’ who buy and use 
iDTV products. In this sense, adopting the SAC perspective showed to be 
potentially beneficial to end-users. 
As further work, we intend to test the design solution with end-users, and to verify 






















ITG Technical Report details the iTG application, its features and tools, the 
technologies used in its development, aspects of its implementation, and its 






The iTG application was developed with the help of the following technologies: 
 Apache Ant: Java library and command-line tool, the mission of which is 
to drive processes described in build files. Ant supplies to compile, 
assemble, test, and run Java applications. 
 AstroDevNet portal: portal and partner network of to give companies the 
opportunity to develop interactive Digital TV (iDTV) applications. 
 AstroBox: platform for the development of iDTV applications. 
 AstroTV: implementation of the Brazilian middleware known as Ginga, 
fully compatible with the Brazilian standard specifications. 
 D-Link DTB-331: receiver with full implementation of the Ginga 
interactivity module (AstroTV) and StickerCenter. 
 DSM-CC (Digital Storage Media Command and Control): a cyclic 
transmission protocol for metadata structures, event maps, data files, and 
file systems (Brazilian Technical Standards Association (ABNT) No.  
15606-3). 
 Ginga: open specification middleware adopted by the Japanese-Brazilian 
Digital Terrestrial TV System (SBTVD) to be installed in set-top boxes, 
televisions, and portable devices. Its consists of a virtual machine for 
running applications made in the NCL, LUA, and JavaTV programing 
languages (ABNT No. 15606-2). 
 Ginga-J (or virtual machine): a logical subsystem of the Ginga 
middleware. Processes procedural applications (Java Xlets) and has a 
specification grounded in application programming interfaces (APIs) 
designed to provide all of the functionality needed to implement digital 
television applications (ABNT No. 15606-2). 
 Java: a programming language used for the development Ginga-J 
application. The specification used was JavaDTV 1.3, which, along with 
the SBTVD Forum, was developed by Sun Microsystems and is published 
as the ABNT standard. 
 Java TV: Java ME-based technology that provides a Java application 





 MPEG2-TS: a protocol that specifies the multiplexing and service 
information of digital signal broadcasting (audio, video, and data) of the 
transport streams applicable to the SBTVD (ABNT No. 15602). 
 StickerCenter: Digital TV service created by the TQTVD company that is 
available to certain receivers (for example, D-Link DTB-331). It allows 
users to browse and download applications that are sent over the internet 
or together with the digital signal from TV Channels. 
 VirtualBox: virtualization software designed to emulate guest operating 
systems using the concept of virtual machines. 
C.2 iTG Application 
The interactive application for the Terra da Gente TV show, named iTG, is an iDTV 
application that aims to be indispensable and complementary to the television 
content of the Terra da Gente TV show. For this, it must be transmitted with the 
program, giving the viewer access to additional content.  The application was 
designed to be overlaid on the TV show and to occupy the lateral sides of the 
screen (see Figure C.1).  
 
Figure C.1. iTG application 
The application is divided into two main parts: 
 Side menu (Detail A in Figure C.1): location where the viewer can navigate 
between the application’s various tools. 
 Tools (Detail B in Figure C.1): location of several tools (Making of, 
Localization/Map, Recipe/Ingredients, Information/Curiosities, Poll, Quiz, 




The tools for the iTG application are (see Figure C.2): 
 Making of (Detail “A” in Figure C.2): shows behind-the-scenes pictures and 
information about the current TV show. 
 Localization/Map (Detail “B” in Figure C.2): shows the geographical 
coordinates, highway exits, flights and roads where the segment of the TV 
show was recorded. 
 Recipe/Ingredients (Detail “C” in Figure C.2): presents the ingredients of 
the recipe that will be prepared during the current TV show. 
 Information/Curiosities (Detail “D” in Figure C.2): offers information and 
curiosities about the flora and fauna found where the segment of the TV 
show was recorded. 
 Evaluation Poll (Detail “E” in Figure C.2): provides questions to allow 
viewers to provide their opinions on the TV show.  
 Quiz (Detail “F” in Figure C.2): Provides a question-and-answer game on 
subjects directly related to the content of the current TV show. 
 Help (Detail “G” in Figure C.2): provides typical assistance information 
about the iTG application. 
 
Figure C.2. Application tools 
Additional features: 
 An animation has been created so that the side menu or tools appear 
gradually when the application is started or when one of the iTG tools is 
selected. 
 In particular, the Evaluation Poll tool uses the interactivity channel and http 




 There is an initial check with the TV channel’s interactivity server when the 
application is launched to confirm that the interactivity service is running. If 
it is not working, the poll automatically disappears from the menu option to 
prevent the user from using the tool. 
C.3 Navigation and Layout Organization 
The application has 3 different navigation points within which the viewer can 
interact: 1) the Start Screen (Detail A in Figure C.3), which shows the initial icon to 
invite viewers to interact; 2) the Main Menu (Detail B in Figure C.3), where viewers 
can navigate and choose between iTG application tools; and 3) Tools (Detail C in 
Figure C.3) where viewers have different content and a different way of interacting. 
 
Figure C.3. Application navigation and structure – Recipe/Ingredients tool 
In the case of the Making of, Localization/Map, Recipe/Ingredients, 
Information/Curiosities tools, there will be images associated with each piece of TV 
show content/Recipe (Detail D in Figure C.3), a title for each image (Detail F in 
Figure C.3), arrows and indices to show which content is being displayed (Detail E 
in Figure C.3), and text describing the image (Detail G in Figure C.3). In the case of 
the Quiz and Poll tools, questions and answers are used in place of images (see 
Details E and F in Figure C.2). In the case of the Help tool, only a background 
image with instructions for the application is shown (see Detail G in Figure C.2). 
The remote control keys used in the application are listed in Table C.1 and are 




be pressed to enter the application; when viewer is in the Main Menu or in one of 
the tools, the red button must be pressed to exit the application. 
Table C.1. Remote control keys and their functionalities 
Remote control keys and its functionalities  
 
 
[Color key: red button] 
Start Screen: Enter the application. 




Start Screen: Enter the application. 





Main Menu: When they are in the main 
menu, it leaves the tool. 
Tools: When viewers are in a specific 




[Arrow keys: left / right] 
Tools: Swap images, text, and questions 
associated with each tool. 
 
 
[Arrow keys: up / down] 
 
Main Menu: Navigate between menu 
options. 
Tools: When text is too large, viewers 
may move up and down the contents within 
the text box. 
 
 
[Color key: green / blue / 
yellow buttons] 
Poll and Quiz tolls: They work from voting 
tools to select the desired response. 





Application: Exit the iTG application, 





C.4. ITG Application Configuration 
The application was designed to be customizable at run time without the need to 
compile to change its dynamic contents. For this, 2 types of configuration files were 
used: 
 CSV (Comma Separated Values - Detail A in Figure C.5): file with 
values separated by a comma or another separator (e.g., semicolon). It 
follows the format regulated by RFC 4180. The data set can be defined by 
header labels and is grouped by rows; they are divided by separators in 
each row. Values and header labels create a table structure. Editing of this 
type of file can be facilitated with the aid of spreadsheet editors. In the 
case of iTG, the semicolon was used as the separator.  
 Property file (Detail B in Figure C.5): file with one or more keys with 
values assigned to them. The property file follows a format in which each 
data entry is structured with a key, an assigner (e.g., "="), and a value 
(which is associated with a given key). 
 
Figure C.5. Format of configuration files 
Both file types are used by the iTG application to configure layout information, 
dynamic application content, Main Menu options, and so on, without having to 
compile the application or change the source code. 
For the iTG menu and tools, we can configure the following:  
 Content information (using a “config.csv” file):  refers to dynamic 
content of the tool, such as images, titles, and informational text. 
 Layout features (using a “layout.properties” file): refers to position and 
information of the images, titles, and informative text on the content of 
each tool. 
 Connection with server (using a “connection.properties” file): used 
only for the Main Menu and Evaluation Poll tools to configure the 




C.4.1. Start Screen Configuration 
For Start Screen a start icon will appear in the upper right corner of the TV screen, 
as shown in Detail A in Figure C.3. We suggest that the application's start icon be 
located in the “icon” folder in “source” folder. There may be one or more image files 
within the folder (.jpg, .gif, .png, etc.). For the start icon to have dynamic effect, 
more than one image file is required to create the different frames that make up the 
image movement. Figure C.6 shows the “config.csv” file used to configure the Start 
Icon for the Start Screen in both in its original format (Detail in A in Figure C.6) and 
viewed by a spreadsheet editor (Detail in B). 
 
Figure C.6. “config.csv” file – Start Screen 
For the Start Screen, we can configure the following in the “config.csv” file: 
 IMAGE_FOLDER_PATH: Path to the root directory containing the images 
of the menu buttons. 
 IMAGE_NAME: file name for menu button image that appears first, by 
default, and when the menu button is not selected. 
 
 





Figure C.7 shows the layout configuration file for the Start Screen. The tool fields 
from the “layout.properties” file that can be configured are: 
 IMAGE_POSITION_X / IMAGE_POSITION_Y / IMAGE_WIDTH / 
IMAGE_HEIGHT: position and dimensions of the content images. 
 ANIMATION_SPEED: speed in micro seconds to perform each step of the 
animation. 
C.4.2. Main Menu Configuration 
Information to be configured in Main Menu is in “config.csv”. Figure C.8 shows the 
“config.csv” file for the Main Menu in both in its original format (Detail in A in Figure 
C.8) and viewed by a spreadsheet editor (Detail in B). 
 
Figure C.8. “config.csv” file – Main Menu 
For iTG menu in “config.csv” file, we can configure: 
 TOOL: column containing the position and type of tool that should appear 
in the menu. The keys to the tools are unique and are defined as: 
MAKING_OF, LOCALIZATION, RECIPE, INFORMATION, QUIZ and 
POLL. Any mistakes made while entering the key will result in the tool not 
being recognized by the iTG application. 
 IMAGE_FOLDER_PATH: Path to the root directory containing the images 
of the menu buttons. 
 IMAGE_NAME: file name for menu button image that appears first, by 
default, and when the menu button is not selected. 
 IMAGE_HOVER_NAME: file name for menu button image that appears 
when the user navigates above the menu without selecting it. 
 IMAGE_SELECTED_NAME: file name for menu button image that 
appears when the user chooses a menu option. 
 SOURCE_PATH: path to the directory where the configuration files and 




The position or the existence of the tool depends on its position and existence 
within the configuration file (“config.csv”). For example, if you change the 
MAKING_OF tool line to the last position in the table, the tool will appear after the 
POLL tool and not in the first position. If the line referring to the MAKING_OF tool is 
deleted from the table, the tool will not appear in the iTG application menu. 
The menu layout features settings can be configured as shown in Figure C.9. 
 
Figure C.9. “layout.properties” file – Main Menu 
The menu fields that can be configured in “layout.properties” file are: 
 BACKGROUND_IMAGE_PATH: path for tool’s background image. 
 BUTTONS_POSITION_X / BUTTONS_POSITION_Y: initial position of the 
first button that appears in the menu. 
 BUTTONS_SPACE: space between the buttons. 
 INITIAL_ANIMATION_STEPS: number of animation steps when the user 
opens the application (Detail B in Figure C.3) 
 INITIAL_ANIMATION_POSITION: final image position after the animation 
is performed when the user opens the tool (Detail B in Figure C.3) 
 BACK_FORWARD_ANIMATION_STEPS: number of steps to go back or 
forward when any tool is selected (Detail C in Figure C.3) 
 BACK_FORWARD_ANIMATION_POSITION: final position of the image 
after the animation is performed in backward movement when any tool is 
selected (Detail C in Figure C.3) 
 ANIMATION_SPEED: speed in micro seconds that the animation should 
occur. 
For the Main Menu, we have a file to configure the connection and check the 
service of the TV channel’s server. See Figure C.10. If the service response for the 
iTG application finds that connection was a success, the Poll option will appear in 





Figure C.10. “connection.properties” file – Main Menu 
For the iTG menu, the “connection.properties” that can be configured are: 
 URL_SERVER: path for service in the server 
 TIMEOUT: time in milliseconds to wait for the connection to the server  
C. 4.3.  iTG Tool Configuration 
In the cases of the Making of, Localization/Map, Recipe/Ingredients, and 
Information/Curiosities tools, the “config.csv” file, which configures the dynamic 
content of the tool, should have the format shown in Figure C.11. Figure C.11 
shows the file in both in its original format (detail in A) and viewed by a spreadsheet 
editor (detail in B). 
 
Figure C.11. “config.csv” file – Making of, Localization/Map, Recipe/Ingredients and 
Information/Curiosities tools 
In the “config.csv” file, each column has the following function: 
 IMAGE_FOLDER_PATH: image path directory to be displayed in the 
screen’s upper right corner (Detail D in Figure C.3). 
 IMAGE_NAME: image’s file name to be displayed in the screen’s upper 
right corner (Detail D in Figure C.3). 
 TITLE: title for the image. It is highlighted in relation to the description text 
(Detail F in Figure C.3). 
 DESCRIPTION: text that describes the image. The information will appear 
in the text field according to Detail G in Figure C.3. 
In the case of the Quiz and Poll tools, each question and its answers are in 
different lines of the file, as shown in Figure C.12 . For the Quiz and Poll tools, each 




 QUESTION: question to be presented 
 GREEN: response associated with the green button 
 BLUE: response associated with the blue button. 
 YELLOW: response associated with the yellow button  
 CORRECT_ANSWER: button that displays the correct answer. 
 CORRECT_ANSWER_MESSAGE: message that appears when the 
viewer has selected correct answer. 
 INCORRECT_ANSWER_MESSAGE: message that appears when the 
viewer has selected the incorrect answer. 
 
Figure C.12. “config.csv” file - “Quiz” and the “Poll” tools 
The tools’ layout settings can be configured through the “layout.properties” file, 
as shown in Figure C.13. 
 





Figure C.13 shows as an example configuration file for the Making of tool—one 
which is similar and can be extended to the other iTG tools. The tool fields from 
“layout.properties” file that can be configured are: 
 BACKGROUND_IMAGE_PATH: path for the tool’s background image. 
 LEFT_BUTTON_IMAGE_PATH / RIGHT_BUTTON_IMAGE_PATH: path 
for left / right arrow images. 
 LEFT_BUTTON_UNSELECTED_IMAGE_PATH/RIGHT_BUTTON_UNSE
LECTED_IMAGE_PATH: Path for left / right arrow images not highlighted. 
 IMAGE_POSITION_X / IMAGE_POSITION_Y / IMAGE_WIDTH / 
IMAGE_HEIGHT: position and dimensions of the content images. 
 LEFT_BUTTON_POSITION_X / LEFT_BUTTON_POSITION_Y / 
LEFT_BUTTON_WIDTH / LEFT_BUTTON_HEIGHT: position and 
dimension of the left arrow image 
 RIGHT_BUTTON_POSITION_X / RIGHT_BUTTON_POSITION_Y / 
RIGHT_BUTTON_WIDTH / RIGHT_BUTTON_HEIGHT: Position and 
dimension of the right arrow image 
 INDEX_IMAGE_POSITION_X / INDEX_IMAGE_POSITION_Y / 
INDEX_IMAGE_WIDTH / INDEX_IMAGE_HEIGHT: Position and 
dimension of the image’s index label. 
 TITLE_POSITION_X / TITLE_POSITION_Y / TITLE_POSITION_WIDTH / 
TITLE_POSITION_HEIGHT: Position and dimension of the image’s title 
label. 
 TEXTAREA_POSITION_X / TEXTAREA_POSITION_Y / 
TEXTAREA_POSITION_WIDTH / TEXTAREA_POSITION_HEIGHT / 
TEXTAREA_LINES / TEXTAREA_COLUMNS: position, size, and quantity 
of rows and columns in the image’s descriptive text field. 
 BACK_FORWARD_ANIMATION_STEPS: number of steps for the 
animation 
 BACK_FORWARD_ANIMATION_POSITION: final position of the image 
after the animation is performed 





For the Poll tool, there is an additional file to configure the connection and send 
answers to the TV channel’s server. The “connection.properties” file is shown in 
Figure C.14. 
 
Figure C.14. “connection.properties” file – Poll 
For the iTG menu, the “connection.properties” file field that can be configured is: 
 URL_SERVER: path for service that registers the answers in the server. 
 TIMEOUT: time in milliseconds to wait for the connection to the server. 
C.5 File Organization for the ITG Application  
After compiling, the application presents three types of files: i) binary files, ii) 
configuration files, and iii) image files. Figure C.15 shows the application’s folder 
hierarchy. 
 





“Eptv” folder (Detail A in Figure C.15): includes the application's binary codes 
(.class files; Detail B). After compiling, no changes can be made in this folder or to 
the files inside it. 
“Source” folder (Detail C): all configuration files, dynamic information, and images 
used by the application. The folder is organized into subfolders associated with 
each tool (makingof, Location, Recipe, Information, Poll, Quiz, and Help), buttons, 
options menu, and start icon. Each tool is composed of property files (Detail D) and 
image files (Detail E). Additional to images files used in each tool, the image files 
include the background image used in each tool (Detail F). 
C.6 ITG Application Development 
The iTV application was developed in JavaTV in an environment known as 
AstroBox. AstroBox is virtual machine used to simulate a TV environment for the 
development of iDTV applications and is based on the Ginga middleware standard. 
The AstroBox virtual machine must be run on VirtualBox 
(https://www.virtualbox.org). The AstroBox virtual environment is embedded in a 
Linux operating system with all of the tools needed to develop and emulate iDTV 
programs. It supports the development of applications in the NCL, LUA, and JavaTV 
languages, as well as Stickers (proprietary standard of TOTVS). It allows for the 
editing and compiling of files using common developer tools such as the Java 
Application Programming Interface (Java API), compile environments, test 
environments (AstroTV middleware), Apache ANT, text editors, and image editors. 
The ITG application was developed using good practices of object-oriented 
programming in JavaTV. The application was developed with the help of Apache 
ANT, and the code was developed with text editors from the Linux environment 
(e.g., VI®  and Gedit®). It is important to note that, even though the code is in Java, 
the JavaTV programmer must allocate and deallocate the memory for the images as 
they are used. This allows for the optimization of the receiver’s memory usage. 
After finishing a version of the iTG application, the developer can test the 
behavior of the application inside the development receiver (D-Link DTB-331). To 






 Step 1: Compile the application (using the “ant compile” command) 
 Step 2: Run and test the application (using the “ant” command and 
AstroTV middleware) 
 Step 3: Compress binary code, source, and image files 
 Step 4: Open the AstroDevNet portal (http://www.astrodevnet.com.br) 
 Step 5: Upload the compressed file 
 Step 6: Set application settings such as application name, application type 
(NCL, Java, etc), and initial file path. 
The folder with the binary, configuration, and image files should be compressed 
as shown in Figure C.16. We also suggest that the application’s main class 
(iTGMainXlet.class), the source and eptv folders be placed in the root of the 
compressed file. 
 
Figure C.16. Compressed File 
At the development receiver (D-Link DTB-331): 
 Step 1: Enter StickerCenter using the “Sticker” key on the remote control. 
 Step 2: Sign in with login and password 
 Step 3: Install the iTG application on the receiver. 
 Step 4: Run the iTG application. 
 Step 5: Navigate freely through the application. 
 Step 6: Return to StickerCenter using the “Sticker” key from remote control 
to close the application. 
C.7 Application Operation  
In Digital TV, TV channels may generate information tables (e.g., electronic 
programming guide, closed captions, and information tables) and interactive 
applications (e.g., iTG) in addition to conventional television programs (e.g., the 




multiplexed along with the audio, video streams, and other Terra da Gente TV show 
data in a single transport stream, or TS (Details A, B, and C of Figure C.17). The 
MPEG2-TS protocol (ABNT No. 15602-3) must be used to establish the multiplexing 
in compliance with the SBTVD standard. 
During the transmission of the Terra da Gente TV show, the iTG application must 
be multiplexed cyclically using the data transmission protocol known as DSM-CC 
(ABNT No. 15606-3). The intent of cyclical transmission is to enable the receiving 
unit to obtain the data on demand at any time during the Terra da Gente TV show. 
The broader the bandwidth, the higher the transmission frequency and the faster the 
application will be transmitted. However, the transmission rate cannot be so high as 
to impair the audio and video quality of the TV show. 
 
Figure C.17. Multiplexing and transmission of the Terra da Gente TV show and the iTG 
application 
For transmission, the TS must be modulated using an orthogonal frequency 
division multiplexing (OFDM) signal. In the case of SBTVD, the spectrum of digital 
television broadcasting has 13 successive OFDM blocks. SBTVD admits 
hierarchical transmission, meaning that each signal can be transmitted with a 
different degree of robustness. Each hierarchical layer must consist of one or more 
OFDM segments. For OneSeg (cellular) services, only a central OFDM block should 
be used. For FullSeg (television) services, all other 12 segments of the spectrum 
should be used. The iTG application was developed for televisions and the fullseg 





Figure C.18. Full operation cycle of the application  
Figure C.18 shows the full operation cycle of the application. After the audio, 
videos, and application tables are multiplexed (Detail A in Figure C.18) and 
transmitted (Detail B in Figure C.18) and after the signal is captured (Detail C in 
Figure C.18) by the viewer’s set-top Box (STB), all of the information from the 
broadcaster is decoded and presented to the viewer, allowing the viewer to be able 
to watch the TV show in the conventional way or interact with the iTG application on 
the TV show being displayed. At this point, if the television has Ginga middleware 
installed and is configured to open applications, the red initial icon will appear on the 
screen (Detail C in Figure C.18). The red button must be selected for the application 
to open. Once the application is open, the viewer can freely navigate the application 
and its various tools (Detail D in Figure C.18). The same red button must be 
selected to close the application. 
The Poll tool (Detail D in Figure C.18) can have the result of the interaction sent 
to the TV channel through the interactivity channel or return channel (Detail in E in 
the Figure C.18) as shown Figure C.18. In this case, viewer’s television must have 
an internet connection to establish communication between the application client 
that is in the receiver and the application server that is in the TV channel’s server 

















TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO 
 
Processo Situado e Participativo para o Design de Aplicações de Software para TVDi: Uma 
Abordagem Técnico-Social 
 
Doutorando: Samuel Bastos Buchdid -- Orientador: Dra. Maria Cecilia Calani Baranauskas 
 
Número do CAAE: 37341414.4.0000.5404 
 
 Você, ou o menor de idade sob sua responsabilidade legal, está sendo convidado a participar 
como voluntário de um estudo. Este documento, chamado Termo de Consentimento Livre e Esclare-
cido (TCLE), visa assegurar os direitos e deveres do cada participante e é elaborado em duas vias, 
uma que deverá ficar com você e outra com o pesquisador.  
 Por favor, leia com atenção e calma, aproveitando para esclarecer suas dúvidas. Se houver 
perguntas antes ou mesmo depois de assiná-lo, você poderá esclarecê-las com o pesquisador. Se 
preferir, pode levar para casa e consultar seus familiares ou outras pessoas antes de decidir partici-
par. Se você, ou o menor de idade sob sua responsabilidade legal, não quiser participar ou deseja 
retirar sua autorização, a qualquer momento, não haverá nenhum tipo de penalização ou prejuízo. 
 
Justificativa e objetivos: 
A chegada da Televisão Digital abre uma variedade de possibilidades para a televisão, tais como 
um portal de acesso à Internet ou mesmo o uso de aplicações televisivas, originando assim a TV Digi-
tal Interativa (TVDi). Considerando os grandes índices de desigualdades sociais e econômicas do país, 
a TVDi se apresenta como um veículo promissor para a divulgação da informação e a disseminação 
da educação, podendo contribuir para a inclusão social e digital, reduzindo as barreiras que impedem 
o acesso participativo e universal do cidadão brasileiro ao conhecimento. 
No entanto, as emissoras e sua equipe de produção não estão preparadas para desenvolver apli-
cações de TVDi que façam sentido a um público alvo tão diversificado, uma vez que faltam referenci-
ais teóricos metodológicos que os auxiliem no processo de desenvolvimento desse tipo de sistema. 
Os objetivos da pesquisa são: investigar, projetar e construir um processo de design de aplica-
ções de TVDi orientado a questões técnico-social desenvolvido em um contexto situado de uma 
emissora de televisão, e que faça sentido para o público diversificado da TV. Nesse sentido, as avalia-
ções com usuários parece ser a alternativa mais adequada para entender se uma aplicação interativa, 
fruto desse processo, é adequado e satisfaça o público em questão.  
 
Procedimentos: 
Você está sendo convidado como um usuário potencial da aplicação de software a ser executada 
junto ao um programa televisivo. As avaliações de usabilidade, com duração máxima 1 hora, serão 
filmadas. Isso inclui a sua interação com a aplicação de software, assim como as suas expressões fa-
ciais durante as avaliações. O usuário não será motivo de avaliação, apenas o sistema deve ser avali-
ado, e as dualidades de interação encontradas devem ser utilizadas em buscar melhorias no sistema.   
 
Desconfortos e riscos: 
Não há riscos previsíveis para os participantes desta avaliação. 
 
Benefícios: 
Benefícios para participantes incluem o contato e acesso a tecnologia de ponta que irão utilizar 
posteriormente no seu cotidiano. Nesse sentido, é previsto que os voluntários aprendam a utilizar 
aplicações televisivas que vão ser realidade para o telespectador em futuro próximo. Uma vez que a 
aplicação de software tenha sido concluída, os usuários vão ter ciência que contribuíram para a me-
lhoria de uma aplicação de software televisiva que poderá ser transmitir para a população, e poden-





Acompanhamento e assistência: 
Durante as avaliações, os pesquisadores estarão disponíveis para situar o participante sobre o es-
tudo de caso e ajudar a responder eventuais perguntas que possam ocorrer no desenvolvimento de 
qualquer atividade. Não há necessidade de assistência prévia ou posterior às avaliações. 
 
Sigilo e privacidade: 
Você tem a garantia de que sua identidade, ou a do menor de idade sob sua responsabilidade le-
gal, será mantida em sigilo e nenhuma informação será dada a outras pessoas que não façam parte 
da equipe de pesquisadores. Toda informação que vier a ser coletada no estudo de caso, por meio de 
gravações ou questionários, só será divulgada de maneira que eu não seja identificado e, na divulga-
ção dos resultados desse estudo, seu nome não será citado. 
 
Ressarcimento: 
Não há nenhum valor de ressarcimento.   
 
Contato: 
Em caso de dúvidas sobre o estudo, você poderá entrar em contato com Samuel Bastos Buchdid, 
Doutorando pelo IC-UNICAMP, Instituto de Computação, Universidade Estadual de Campinas, Av. 
Albert Einstein, 1251, 13083-970 – Campinas – SP – Brasil, Tel: +55 (19) 9 9739 9454, email: buch-
did@ic.unicamp.br. 
Em caso de denúncias ou reclamações sobre sua participação no estudo, você pode entrar em 
contato com a secretaria do Comitê de Ética em Pesquisa (CEP): Rua: Tessália Vieira de Camargo, 
126; CEP 13083-887 Campinas – SP; telefone (19) 3521-8936; fax (19) 3521-7187; e-mail: 
cep@fcm.unicamp.br 
 
Consentimento livre e esclarecido: 
Após ter sido esclarecido sobre a natureza da pesquisa, seus objetivos, métodos, benefícios pre-
vistos, potenciais riscos e o incômodo que esta possa acarretar, escolha uma das opções abaixo: 
(   ) Desejo participar da pesquisa, ou concordo com a participação do menor de idade sob mi-
nha responsabilidade legal, e autorizo a gravação em vídeo 
(   ) Desejo participar da pesquisa, ou concordo com a participação do menor de idade sob mi-
nha responsabilidade legal, e não autorizo a gravação em vídeo 
 
Nome do(a) participante: ________________________________________________________ 
_______________________________________________________ Data: ____/_____/______. 
 (Assinatura do participante ou nome e assinatura do responsável)  
 
Responsabilidade do Pesquisador: 
Asseguro ter cumprido as exigências da resolução 466/2012 CNS/MS e complementares na 
elaboração do protocolo e na obtenção deste Termo de Consentimento Livre e Esclarecido. Assegu-
ro, também, ter explicado e fornecido uma cópia deste documento ao participante. Informo que o 
estudo foi aprovado pelo CEP perante o qual o projeto foi apresentado. Comprometo-me a utilizar o 
material e os dados obtidos nesta pesquisa exclusivamente para as finalidades previstas neste docu-
mento ou conforme o consentimento dado pelo participante. 
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